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The following corrections are hereby made to Volume | of the Mexican Spotted Owl
Recovery Plan (USDI Fish and Wildlife Service 1995):

Volume I:
Page 7, second line: "Holoman" should read "Holloman".
Page 64, first paragraph: The genus "Phellinus" should be the genus "Phaeolus”.

Page 122, next to last full sentence: the figure "<22.4 cm" should read ">22.4

cm .

Volume II;

Page i, literature citation: "Pages [-]" should be replaced by "[Chapter] [(pp)]".

 Nanc . Kaufman 2/14/96
Regional Director
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DISCLAIMER:

This Recovery Plan is not intended to provide details on all aspects of Mexican spotted owl management.
The Recovery Plan outlines steps necessary to bring about recovery of the species. The Recovery Plan is not
a “decision document” as defined by the National Environmental Policy Act (NEPA). It does not allocate
resources on public lands. The implementation of the recovery plan is the responsibility of Federal and State
management agencies in areas where the species occurs. Implementation is done through incorporation of
appropriate portions of the Recovery Plan in agency decision documents such as forest plans, park manage-
ment plans, and State game management plans. Such documents are then subject to the NEPA process for
public review and selection of alternatives.

LITERATURE CITATIONS:
This document should be referenced in literature citations as follows:

USDI Fish and Wildlife Service. 1995. Recovery plan for the Mexican spotted owl: ~ Vol.I.
Albuquerque, New Mexico. 172pp.

A fee for additional copies of this document will be charged depending on the number of pages
and postage. Additional copies of this document may be purchased from:

Fish and Wildlife Reference Service
5430 Grosvenor Lane, Suite 110
Bethesda, MD 20814

(303) 492-6403

1-800-582-3421
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EXECUTIVE SUMMARY

INTRODUCTION

T'he Mexican spotted owl was listed as a
threatened species on 15 April 1993. Two
primary reasons were cited for the listing: his-
torical alteration of its habitat as the result of
timber management practices, specifically the use
of even-aged silviculture, plus the threat of
these practices continuing, as provided in Na-
tional Forest Plans. The danger of catastrophic
wildfire was also cited as a potential threat for
additional habitat loss. Concomitant with the
listing of the Mexican spotted owl, a Recovery
Team was appointed by FWS Southwestern
Regional Director John Rogers to develop a
Recovery Plan. This report constitutes the
Recovery Plan for the Mexican spotted owl.

This Recovery Plan provides a basis for
management actions to be undertaken by land-
management agencies and Indian Tribes to
remove recognized threats and recover the
spotted owl. Primary actions will be taken by the
USDA Forest Service, USDI Bureau of Land
Management, USDI Fish and Wildlife Service,
USDI Bureau of Indian Affairs, and sovereign
American Indian Tribes. The Fish and Wildlife
Service will oversee implementation of the
Recovery Plan through its authorities under the
Endangered Species Act.

The Team made every effort to identify and
consider all sources of information in developing
this plan. Previous plans developed for the
northern spotted owl (Thomas et al. 1990, Bart
et al. 1992) and the California spotted owl
(Verner et al. 1992) were considered in the
development of this Recovery Plan. The Team
analyzed data that had not been evaluated
previously and re-analyzed data when appropri-
ate to ensure that information was consistent or
to address questions not considered in previous
analyses of those dara.

RECOVERY GOAL

The purpose of this Recovery Plan is to
outline the steps necessary to remove the Mexi-
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can spotted owl from the list of threatened
species.

THE RECOVERY PLAN

The Recovery Plan contains five basic
elements:

1. A recovery goal and a set of delisting
criteria that, when met, will allow the
Mexican spotted owl to be removed from
the list of threatened species.

2. Provision of three general strategies for
management that provide varying levels
of habitat protection depending on the
owl’s needs and habitart use.

3. Recommendations for population and
habitat monitoring,

4. A research program to address critical
information needs to better understand
the biology of the Mexican spotted owl
and the effects of anthropogenic activi-
ties on the owl and its habitat.

5. Implementation procedures that
specify oversight and coordination
responsibilities.

Each of these elements is described briefly
below.

Delisting Criteria

The primary threat to the Mexican spotted
owl leading o its listing as a threatened species
was the alteration of its habitat in Arizona and
New Mexico as the result of timber manage-
ment, specifically even-aged management.
Mexican spotted owls use a variety of habitats,
but are typically associated with multi-canopied
stands of mature mixed-conifer and ponderosa
pine-Gambel oak forests. Past logging using
even-aged shelterwood prescriptions that in-
cluded short rotations and the removal of large




volumes of timber greatly simplified stand
structures which adversely affected >300,000 ha
(800,000 ac) of spotted owl habitat (Fletcher
1990). Existing Forest Plans call for continued
use of shelterwood harvests, potentially leading
to continued loss of owl habitat. However, the
Team recognizes and is encouraged by recent
efforts to amend existing Forest Plans to de-
emphasize the use of even-aged silviculture and
incorporate the management guidelines provided
within this Recovery Plan.

The range of the Mexican spotted owl was
divided into six Recovery Units in the United
States and five in Mexico. Recovery Units were
based on various factors including biotic prov-
inces, the spotted owl’s ecology, and manage-
ment considerations. If delisting criteria are met,
Recovery Units can be delisted separately. The
following criteria must be met for delisting to be
considered: (1) the population in the three most
populated Recovery Units must be stable or
increasing after 10 years of monitoring; (2)
scientifically-valid habitat monitoring protocols
are designed and implemented to assess (a) gross
changes in habitat quantity across the range of
the Mexican spotted owl, and (b) habitat modifi-
cations and habitat trajectories within treated
stands; and (3) a long-term management plan is
in place to ensure appropriate management for
the spotted owl and its habitat. If these three
criteria are met, then the Mexican spotted owl
can be delisted within any Recovery Unir if
threats have been moderated or regulated, and if
habitart trends are stable or increasing,

Levels of Protection

General recommendations are proposed for
three levels of management: protected areas,
restricted areas, and other forest and woodland
types (Table ES.1). Protected areas include a 243
ha (600 ac) “Protected Activity Center” (PAC)
placed at known or historical nest and/or roost
sites, slopes >40% in mixed-conifer and pine-oak
forests that have not been harvested within the
past 20 years, and administratively reserved
lands. Harvest of trees >22.4 ¢cm (9 inches) dbh
(diameter at breast height) is not allowed within
protected areas, but light underburning is
permitted on a case-specific basis as needed to
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reduce fuels. Also, a fire risk-abatement program
is proposed to allow the treatments of fuels using
a combination of fuel removal and fire. This
management can be conducted initially within
10% of the PACs, after which time the effective-
ness of the program should be evaluated. Similar
management can be conducted on steep slopes,
but with no areal restrictions.

Restricted areas include ponderosa pine-
Gambel oak and mixed-conifer forests and
riparian environments. Target/threshold criteria
are provided to define the proportion of the
landscape that should be in or approaching
conditions suitable for nesting and roosting. The
remainder of the landscape should be managed
in such a way to allocate stands to ensure a
sustained provision of nest and roost habitat
through time. Broad guidelines for riparian
systems emphasize the maintenance and restora-
tion of riparian areas to ensure a mix of size and
age classes.

Other forest and woodland types include
ponderosa pine and spruce-fir forests, pinyon-
juniper woodlands, and aspen groves that are not
included within PACs. No specific guidelines are
proposed, but general recommendations are
given to manage these areas for landscape diver-
sity within natural ranges of variation.

Population and Habitat Monitoring

The Recovery Plan provides a detailed
program to monitor spotted owl populations
and habitats. Both are key components of the
delisting criteria. Population monitoring is
restricted to the three most populated Recovery
Units because their spotted owl populations
meet sample size criteria for the monitoring
design. Further, these Recovery Units comprise
the core Mexican spotted owl population and
the Team assumes that their population status
reflects that of the entire population. The design
presented in the Recovery Plan entails the use of
mark-recapture methodology on random quad-
rats to estimate key population parameters. The
objectives of the habitat monitoring are (a) to
track gross changes in habitat quality and quan-
tity using remote sensing technology, and (b) to
evaluate whether treatments meet the desired
goal of setting stands on trajectories to become
replacement habitat.
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Table ES.1. Overview of management categories by vegetation type for lands not

administratively reserved.

Timber Harvest

Vegetation In Nest Slope Within Past Management
Type Area?! > 40% 20 Years? Category
Any Yes Protected
Mixed-conifer No Yes No Protected
Pine-Oak No Yes No Protected
Mixed-conifer No Yes Yes Restricted
Pine-Oak No Yes Yes Restricted
Mixed-conifer No No Restricted
Pine-Oak No No Restricted
Riparian No No Restricted
Ponderosa Pine No No Orher types
Spruce-Fir No No Other types
Pinyon-Juniper No No Other types
Aspen No No Other types
Oak No No Other types

'Refers to land contained within a protected activity center.

Activity-specific Research Program

The Recovery Team made extensive use of
scientific data. During the process of gathering
and evaluating these data, it became evident that
additional information was needed to refine the
recovery measures. Past research efforts empha-
sized inductive approaches to gather information
on basic life history needs of the spotted owl.
Although these research efforts provided some
key information, more rigorous and directed
approaches will be needed to address questions
on dispersal, genetics, habitat, populations, and
effect of management on spotted owls and other
ecosystem attributes.

Implementation Measures

Recovery Plans are not self-implementing
under the Endangered Species Act. Thus, an
implementation schedule is provided that
outlines steps needed for the execution of the
recovery measures. These implementation
guidelines include the formation of an inter-
agency working team for each Recovery Unit to
oversee implementation of the recovery measures
that encompass four broad areas: resource
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management programs, active management
actions, monitoring, and research.

CONCLUSION

The Recovery Plan is based largely on final
and preliminary results of field studies of spotted
owl habirat use, population biology, and distri-
bution. The Team relied on information pub-
lished in the both scientific and “gray” literature.
If data were available but unanalyzed, the Team
made every reasonable effort to conduct those
analyses. Reanalyses of data were conducted
when the Team wished to address questions not
addressed by those who collected the data. Thus,
this Recovery Plan represents the current state-
of-knowledge on the Mexican spotted owl.

The Recovery Plan recommendations are a
combination of (1) protection of both occupied
habitats and unoccupied areas approaching
characteristics of nesting habitat, and (2) imple-
mentation of ecosystem management within
unoccupied but potential habitat. The goal is to
protect conditions and structures used by spot-
ted owls where they exist and set other stands on
a trajectory to grow into replacement nest
habitat or to provide conditions for foraging and



dispersal. By necessity this Plan is a hybrid
approach because the status of the Mexican
spotted owl as a threatened species requires some
level of protection until the subspecies is
delisted. These constraints modify ways and
opportunities to manage ecosystems within
landscapes where owls occur or might occur in
the future. The Plan advocates applying ecosys-
tem management in two slightly different ways.
Within unoccupied mixed-conifer and pine-oak
forest on <40 % slope, we provide both general
(coarse filter) and specific (fine filter) guidelines
to provide a sustainable quantity of replacement
nest habitat across the landscape. Within other
unoccupied forest and woodland types (e.g.,
ponderosa pine, spruce-fir, aspen, and pinyon-
juniper), general guidance is provided for man-
aging the landscape to meet multiple resource
objectives including spotted owl foraging and
dispersal habitat.

Management priority should focus on
actions to alleviate threats to Mexican spotted
owls; thereafter, or in coordination with alleviat-
ing threats, other management priorities (e.g.,
creating replacement owl habitat) should be
pursued. Two primary threats that should be the
focus of such management priorities are cata-
strophic wildfire and widespread use of even-
aged silviculture.

Heavy accumulations of ground and ladder
fuels have rendered many Southwestern forests
vulnerable to stand-replacing fires. Such fires
represent a real and immediate threat to the
existence of spotted owl habitat. The manage-
ment guidelines are intended to provide land
managers with flexibility to reduce these fuel
levels and abate fire risks. Fire management
should be given the highest priority.

Even-aged silviculture within potential owl
habitat is regarded as a threat because it tends to
simplify stand structure and move stands away
from containing owl habitat characteristics. The
Team recognizes, however, that such regenera-
tion cuts may provide useful tools in special
circumstances to manage for spotted owls and
other ecosystem objectives. Any use of even-aged
management should be done sparingly and only
after careful deliberation to ensure that it repre-
sents the best approach to meet management
objectives.
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Under proposed delisting criteria the owl
could be delisted within 10 years, rendering the
protection measures in this Recovery Plan
obsolete. At that time, sufficient knowledge
should be available to design a strategy for long-
term conservation of the Mexican spotted owl.
Many of the ecosystem management guidelines
provided in this Plan will provide a foundation
for development of the long-term strategy. In
formulating the recommendations, the Team
assumes that population and habitat status will
be monitored in conjunction with implementa-
tion of these management guidelines. Therefore,
the management guidelines are not meant to
stand alone. Monitoring provides objective
criteria to assess the efficacies of the management
guidelines. Without both habitat and population
monitoring, the status of the owl cannot be
assessed and it should not be delisted. We further
assume that existing management constraints on
vegetative manipulations (such as size of open-
ings and maintenance of hiding and thermal
cover for other species) will remain in place. This
assumption is especially critical for vegetation
types——ponderosa pine, pinyon-juniper, aspen,
and spruce-fir--for which we provide no specific
management recommendations.

The Recovery Plan presents realistic goals for
recovery of the species and its ultimate delisting.
The goals are flexible in that they require local
land managers to make site-specific decisions.
Success of the plan, however, hinges on the
commitment and coordination among the
various Federal and State land-management
agencies, sovereign Indian nations, and the
private sector to ensure that the plan is followed
and executed as intended by the Team.
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A. RECOVERY PLANNING

T'he USDI Fish and Wildlife Service (FWS)
added the Mexican spotted owl to the List of
Threatened and Endangered Wildlife (50 CFR
17.11) as a threatened species, effective on 15
April 1993. Section 4(f)(1) of the Endangered
Species Act of 1973, as amended (Act) (16
U.S.C. 1531), requires the Secretary of the
Interior (usually delegated to the Director of the
FWS) to “...develop and implement (recovery)
plans for the conservation of endangered species
and threatened species...unless he finds that such
a plan will not promote the conservation of the
species.”

To develop scientifically credible recovery
plans for listed species, the FWS may appoint
recovery teams comprised of scientists and
resource specialists with expertise either on the
species being considered or with other relevant
expertise. In the case of the Mexican spotted
owl, the FWS appointed the Mexican Spotted
Owl Recovery Team (Recovery Team). A list of
Recovery Team members and their areas of
expertise can be found in Appendix A. A chro-
nology of Recovery Team activities is provided in
Appendices B and C.

Recovery teams present recovery plans to the
FWS as their recommendation on the steps
necessary to remove a species from the List of

Threatened and Endangered Wildlife and Plants.

Removal from the list, or “delisting,” means the
species is no longer in need of protection under
the Act and is therefore considered “recovered.”
If deemed acceprable, the Director of the FWS
Region assigned the lead for that species ap-
proves the plan.

The FWS, pursuant to requirements under
section 4(f)(4) of the Act, published a Notice of
Availability of the Draft Mexican Spotted Owl
Recovery Plan in the Federal Register on March
27,1995 (60 FR 15787). In addition to this
general solicitation for information and public
comment, the FWS sent copies of the draft
Recovery Plan to numerous Federal and State
agencies, Indian Tribes, county governments,
environmental and industry groups, and others
who had expressed interest in the Mexican
spotted owl. Finally, specific professional organi-
zations and individuals were asked to provide
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peer review of either the entire document or
portions treating subjects within their specific
areas of expertise. A list of reviewers is provided
in Appendix E.

Recovery plans are neither self-implementing
nor legally binding. Rather, approved recovery
plans effectively constitute FWS policy on that
listed species or group of species, thereby guiding
the Service in conducting various processes
required under the Act, such as section 7 consul-
tation, conservation planning under section 10,
and other procedures. In most cases, recovery
plans are followed by other Federal agencies in
compliance with the mandate under sections
2(c)(1) and 7(a)(1) of the Act to utilize their
authorities in carrying out programs for the
conservation of endangered and threatened
species. In addition, State and local governments
usually follow the recommendations of recovery
plans in their species conservation efforts.

Section 4(f)(1)(B) of the Act specifies the

contents of a recovery plan:

“(i) a description of such site-specific
management actions as may be neces-
sary to achieve the plan’s goal for the
conservation and survival of the

species” (I1L.B);

“(ii) objective, measurable criteria which,
when met, would result in a
determination...that the species be
removed from the list” (IIL.A);

“(iii) estimates of the time required and the
cost to carry out those measures
needed to achieve the plan’s goal and

to achieve intermediate steps toward
that goal” (IV.C and IV.D).
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B. LISTING

T'he Mexican spotted owl is one of three
spotted owl subspecies (see 1L.A). Under section
3 of the Act, the term “species” includes “...any
subspecies of fish or wildlife...”. Although the
Mexican spotted owl is a subspecies, it is some-
times referred to as a “species” in this document
when discussed in the context of the Act or other
laws and regulations. An “endangered species” is
defined under the Act as “...any species which is
in danger of becoming extinct throughout all or
a significant portion of its range....” A threat-
ened species is one “...which is likely to become
an endangered species in the foresecable future
throughout all or a significant portion of its
range.” Section 4 (A)(1) of the Act lists five
factors that can, either singly or collectively,
result in listing as endangered or threatened:

“(A)  the present or threatened destruction,
modification, or curtailment of its
habitat or range;

(B) overutilization for commercial, recre-
ational, scientific, or educational
purposes;

(C)  disease or predation;

(D) the inadequacy of existing regulatory
mechanisms;

(E) other natural or man-made factors
affecting its continued existence.”

The final rule listing the Mexican spotted
owl as a threatened species (final rule) (58 FR
14248) provides a detailed discussion of the
primary factors (A and D) leading to the deter-
mination of threatened status. It should be noted
that the Recovery Team summarizes the final
rule here for information purposes only. The
Recovery Team’s assessment of the current
situation with regard to the subspecies’ status
and threats is reflected in Part I11. The following
briefly summarizes the factors leading to the
species’ listing, as discussed in the final rule:
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THE PRESENT OR THREATENED
DESTRUCTION, MODIFICATION,
OR CURTAILMENT OF ITS
HABITAT OR RANGE

Past, current, and future timber-harvest
practices in the Southwestern Region (Region 3)
of the USDA Forest Service (ES) were cited as
the primary factors leading to listing the Mexi-
can spotted owl as a threatened species. The final
rule stated that the Southwestern Region of the
FS managed timber primarily under a
shelterwood harvest regime. This harvest method
produces even-aged stands rather than the
uneven-aged, multi-layered stands most often
used by Mexican spotted owls for nesting and
roosting. In addition, the shelterwood silvicul-
tural system calls for even-aged conditions in
perpetuity. Thus, stands already changed from
“suitable” to “capable” would not be allowed to
return to a “suitable” condition; and acreage
slated for future harvest will be similarly ren-
dered perpetually unsuitable for Mexican spotted
owl nesting and roosting.

The final rule stated that “...significant
portions of spotted owl habitat have been lost or
modified,” and cited Fletcher (1990) in estimat-
ing that 420,000 ha (1,037,000 ac) of habitat
were converted from “suitable” to “capable.” Of
this, about 78.7%, or 330,000 ha (816,000 ac),
was a result of human activities, whereas the
remainder was converted naturally, primarily by
wildfire. According to the final rule, forest plans
in the FS Region 3 allowed for up to 95% of
commercial forest (59% of suitable spotted owl
habitat) to be managed under a shelterwood
system. The loss of lower- and middle-level
riparian habitat plus habitat lost to recreation
developments were also cited in the final rule as
factors in habitat loss.



OVERUTILIZATION FOR
COMMERCIAL, RECREATIONAL,
SCIENTIFIC, OR EDUCATIONAL

PURPOSES

The final rule stated that scientific research
has the greatest potential for overutilization of
the Mexican spotted owl, whereas birding,
educational field trips, and agency “show me”
trips are likely to increase as the owl becomes
better known. The effects of these activities,
either chronically or acutely, are unknown.

DISEASE OR PREDATION

The final rule stated that great horned owls
and other raptors are predators of Mexican
spotted owls. It also implied that forest manage-
ment created ecotones favored by great horned
owls, thus creating an increased likelihood of
contact between the two species.
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INADEQUACY OF EXISTING
REGULATORY MECHANISMS

The final rule discussed various Federal and
State laws and agency management policies,
concluding that existing regulatory mechanisms
were inadequate to protect the Mexican spotted
owl. For further discussion on extant regulatory
mechanisms, refer to Part IV.

OTHER NATURAL OR MANMADE
FACTORS AFFECTING ITS
CONTINUED EXISTENCE

The final rule cited wildfires as a past and
future threat to spotted owl habitat. The poten-
tial for increasing malicious and accidental
anthropogenic harm to the species was also cited
as a possible threat. In addition, the final rule
recognized the potential for the barred owl to
expand its range into that of the Mexican spot-
ted owl, resulting in possible competition and/or
hybridization. It was speculated that habitat
fragmentation may encourage and hasten this
expansion.
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C. PAST AND CURRENT MANAGEMENT
OF THE MEXICAN SPOTTED OWL

Prior to the proposed listing of the Mexican
spotted owl, some Federal agencies and involved
States had conferred special status on the subspe-
cies (e.g., State “threatened,” FS “sensitive,”
FWS “candidate”) in recognition of its rarity,
habitat preferences and threats to those habirar
types, and/or need of special management
considerations. This section summarizes the
special status assigned to the subspecies and the
resulting conservation efforts.

FISH AND WILDLIFE SERVICE

The FWS listed the entire spotted owl
species as a Category-2 candidate in its 6 January
1989 Notice of Review (54 FR 554). Category-2
candidates are those species that the FWS
believes may qualify for listing as threatened or
endangered but for which insufficient informa-
tion is available to support the required rule-
making process. The northern subspecies was
listed as threatened in 1990; the California and
Mexican subspecies remained in Category-2
candidate status.

The Mexican spotted owl was proposed for
listing as a threatened species on 4 November
1991 (56 FR 56344) as a result of a status review
prompted by a petition to list the subspecies.
Following publication of the listing proposal, the
FWS attempted to develop a conservation
agreement with involved Federal agencies to
conserve the Mexican spotted owl. This effort
was unsuccessful, so the final rule was published
on 16 March 1993 (58 CFR 14248). Critical
habitat was not determinable at the time of
listing.

Since the listing of the subspecies, the FWS
has been conducting the processes associated
with listed species under the Act, such as section
7 consultation on Federal actions that may affect
the subspecies, issuance of research permits
under Section 10, and recovery planning under
section 4, including funding of several research
projects.

Two petitions to delist the species have been
reviewed by the FWS. In both cases, delisting
was determined to be “not warranted” because
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the petitions failed to present substantial scien-
tific and commercial information to support
their assertion that the species should be
delisted. Notices of those findings, including
discussions of the issues raised in the petitions,
were published in the Federal Register on 23
September 1993 (58 FR 49467) and 1 April
1994 (59 FR 15361).

The FWS proposed critical habitat for the
Mexican spotted owl on 7 December 1994 (59
FR 63162), and published the final critical
habitart rule on 6 June 1995 (60 FR 29914).
Since that time, the FWS has been in consulta-
tion with action agencies on the effects of
proposed and ongoing actions on critical habitat.

FOREST SERVICE

The primary administrator of lands support-
ing Mexican spotted owls in the United States is
the FS. Most spotted owls have been found
within FS Region 3 (including 11 Narional
Forests in Arizona and New Mexico). The Rocky
Mountain (Region 2, including two National
Forests in Colorado) and Intermountain (Region
4, including three National Forests in Utah)
Regions support fewer spotted owls.

Forest Service Southwestern Region

(Region 3)

Prior to the listing of the Mexican spotted
owl, FS Region 3 issued detailed guidelines for
its management. Those guidelines were issued as
Interim Directive Number 1 (ID No. 1) in June
1989, then revised and reissued as 1D No. 2
approximately one year later. Although ID No. 2
expired in December 1991, FS Region 3 has
continued managing under those guidelines.

Interim Directive Number 2 guidelines
required establishing management territories
around all nesting and roosting spotted owls, as
well as territorial owls detected at night for
which daytime locations were not recorded. All
management tertitories except those on the

Lincoln and Gila National Forests had a 182-ha



(450 ac) core area surrounded by 627 ha (1,550
ac) of the “best available” habitat, extending the
area to 809 ha (2,000 ac) per management
territory. On the Lincoln and Gila National
Forests, the 182-ha (450 ac) cores were aug-
mented by an additional 425 ha (1,050 ac) of
habitat, for a total management territory size of
607 ha (1,500 ac).

Excepr for road construction, habitat degra-
dation was not allowed within management
territory cores. In the remainder of the manage-
ment territory management activities, including
timber harvest, were limited to 209-314 ha
(516-775 ac). The FS guidelines provided no
protection for unoccupied habitat except in
wilderness areas and administratively restricted
lands.

The FS Region 3 has been in the process of
amending forest plans through the National
Environmental Policy Act (NEPA) process to
incorporate the management recommendations
contained in this Recovery Plan. The Recovery
Team commends thar effort.

Forest Service Rocky Mountain Region
(Region 2)

Region 2 of the FS formed a task force in
1992 to begin developing management guide-
lines for the Mexican spotted owl. These man-
agement guidelines are still in draft form and
have not been formally approved and adopted by
FS Region 2. However, management activities
continue to be examined on a case-by-case basis,

and ID No. 2 may be used as a general guideline.

Forest Service Intermountain Region

(Region 4)

Prior to the listing of the Mexican spotted
owl, biologists from FS Region 4 and Utah’s
other land and wildlife management agencies,
plus owl researchers, formed the Utah Mexican
Spotted Owl Working Group (Working Group).
The Working Group meets annually to identify
and address issues pertaining to the management
and conservation of Mexican spotted owls in
Utah (Kate Grandison, FS, Cedar City, UT, pers.
comm.). The Utah Mexican Spotted Owl
Technical Team (Technical Team) was formed by
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the Working Group to focus on spotted owl
issues such as (1) potential impacts to Mexican
spotted owls in southern Utah; (2) current
research and future research needs and priorities;
(3) inventory and monitoring protocols; (4)
management suggestions suitable for application
by all land management agencies in southern
Utah; and (5) dissemination of information
from the Working Group and Technical Team to
management and administrative levels. The goals
of the Technical Team, which is composed of
biologists from the FWS, FS, USDI Bureau of
Land Management (BLM), USDI National Park
Service (NPS), Utah Division of Wildlife Re-
sources (UDWR), and a researcher/technical
consultant, are to provide land and wildlife
managers with the information necessary to
ensure the protection of Mexican spotted owls
and to suggest strategics for managing spotted
owl! habitat in Utah.

The Technical Team developed “Suggestions
for Management of the Mexican Spotted Owl in
Utah.” These suggestions were sent to line
officers for approval on 5 August 1994. Manage-
ment territories on the Manti-LaSal National
Forest were established using these suggestions,
although ID No. 2 has also been adopred by
Region 4. Interim Directive No. 2 was modified
in March 1994 in Region 4 to change the survey
protocol to include only potential breeding
habitat in canyon areas below 2,590 m (8,500
fr).

According to the suggestions, management
territory size should be 1,330 ha (3,350 ac) with
355-ha (875 ac) core areas of canyon habitat. In
addition, a 0.8-km (0.5 mi) protection area
centered on the nest site was established to
protect the nest stand and surrounding areas.
Habitat degradation is not allowed in the man-
agement territory areas. A “potential dispersal
area” extends 58 km (35.8 mi) beyond the
perimeter of the management territory. This area
can be used for timber harvest, but post-harvest
conditions must meet a reasonable facsimile of
the 50-11-40 dispersal rule developed by Tho-
mas et al. (1990). Forest Service Region 4
continues to manage under ID No. 2, with the
above modifications, except where superseded by

the “Suggestions for Management of Mexican
Spotted Owls in Utah.”



OTHER FEDERAL AGENCIES

National Park Service

Several NPS-administered units are known
to support Mexican spotted owls, including
Zion, Capitol Reef, and Canyonlands National
Parks plus Glen Canyon National Recreation
Area in Utah; Mesa Verde National Monument
in Colorado; Grand Canyon National Park plus
Saguaro, Walnur Canyon, and Chiricahua
National Monuments in Arizona; Bandelier
National Monument in New Mexico; and
Guadalupe Mountains National Park in Texas.

The National Park Service Organic Act
protects all wildlife on National Parks and
Monuments. However, no speciﬁc management
guidelines are in place for Mexican spotted owls,
and the effectiveness of applying general laws
and policies for spotted owls is difficult to
evaluate.

Bureau of Land Management

The BLM has developed management
policies specifically for the Mexican spotted owl
in Colorado and New Mexico. The Colorado
guidelines state that “...in areas with a confirmed
nest or roost site, surface management activities
will be limited and will be determined on a case-
by-case basis to allow as much flexibility as
possible outside of the core area.” The BLM in
Colorado has management guidelines for oil and
gas development where Mexican spotted owls are
known to occur. No surface occupancy is al-
lowed within 0.4 km (0.25 mi) of a nest or roost
site, and restrictions on other associated activities
apply between 1 February and 31 July. Spotted
owl management policy by the BLM in New
Mexico establishes and preserves cores of habitat
wherever the owl is found. The BLM determines
the size of the cores on a case-by-case basis.

The BLM in Colorado follows the survey
techniques of the FS Region 3 spotted owl
protocol. Management territories have not been
designated for known birds. Surveys are con-
ducted in areas of potential habitat where
projects are planned that may be in conflict with
spotted owl management.
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The BLM in Utah has no specific internal
guidelines on management practices for Mexican
spotted owls. However, agency personnel did
participate in producing “Suggestions for the
Management of Mexican Spotted Owls in
Utah.” The BLM will incorporate management
prescriptions for the Mexican spotted owl and its
potential habitat into resource management
plans as they are updated over the next several
years.

The BLM in Arizona has no specific guide-
lines for managing Mexican spotted owls.
However, the standard BLM procedure for
assessing impacts on threatened or endangered
species will be followed for projects proposed in
spotted owl habitat. Guidelines for protecting
the owl or its habitat would then be developed
on a site-specific basis (Ted Corderey, BLM,
Endangered Species Coordinator, Phoenix
Office, pers. comm.).

Department of Defense

The Fort Huachuca Military Reservation
(Post) in southeastern Arizona is the only mili-
tary land known to support nesting Mexican
spotted owls. On the Post, military activity in
spotted owl habitat is generally confined to
various foot maneuvers, although the Army is
considering expanding some tank maneuvers
into higher elevations where the owl occurs
(Sheridan Stone, Fort Huachuca Military Reser-
vation, pers. comm.). One spotted owl site has
been popular with birders for a number of years,
but the effect of this activity is unknown. The
Army also considers wildfire to be a potential
threat and assesses the possibility of wildfire
ignition when designing military activities on
the Post.

Wintering Mexican spotted owls have been
found on Fort Carson, near Colorado Springs,
Colorado, and breeding owls are present on the
Fremont Military Operating Area, which in-
cludes FS and BLM lands designated for con-
ducting military maneuvers. Finally, low-level
military air operations in some areas have been
identified as actions that may affect Mexican
spotted owls. Such operations are likely to
increase in the next several years, and the De-
partment of Defense is currently funding studies



of the effects of these activities on spotted owls
(M. Hildegard Reiser, Holoman Air Force Base,

pers. comm.).
STATES

Arizona

The Mexican spotted owl is listed as “threat-
ened” on the list of “Threatened Native Wildlife
in Arizona” (Arizona Game and Fish Depart-
ment 1988). The Arizona Game and Fish
Department has authority to manage wildlife
under provisions of Arizona Revised Statute 17,
the goal of which is to maintain State’s natural
biotic diversity by listing and protecting threat-
ened and endangered species. “Threatened”
species is defined as “...those species or subspe-
cies whose continued presence in Arizona could
be in jeopardy in the near future. Serious threats
have been identified and populations are (a)
lower than they were historically or (b) extremely
local and small.”

Threatened status provides no special protec-
tion to species, although it does provide a
mechanism through which the state can allocate
Heritage Program grants to fund research for
specially designated species. However, general
Arizona wildlife rules make it unlawful “...unless
otherwise prescribed...for a person ro...take,
possess, transport, buy, sell or offer or expose for
sale wildlife, except as expressly permitted ....”

New Mexico

The State of New Mexico confers no special
status on spotted owls. However, New Mexico
Statute 17-2-14 makes it unlawful “...for any
person to take, possess, trap or ensnare, or in any
manner to injure, maim or destroy birds of the
order Strigiformes.” However, permits may be
obtained to take owls for purposes of Indian
religion, scientific study, or falconry. In addition,
persons who commercially raise poultry or game
birds may legally kill any owl that has killed their
stock.
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Colorado

The Mexican spotted owl was listed as
threatened by the Colorado Division of Wildlife
(CDOW) in 1993. “Threatened” wildlife is
defined as “...any species or subspecies of wildlife
which, as determined by the Colorado Wildlife
Commission, is not in immediate jeopardy of
extinction but is vulnerable because it exists in
such small numbers or is so extremely restricted
throughout all or a significant portion of its
range that it may become endangered.” Threat-
ened status protects wildlife species by making
it unlawful “...for any person to take, possess,
transport, export, process, sell or offer for
sale...any species or subspecies of [threatened]
wildlife....” In addition, the CDOW is legisla-
tively mandated to “...establish such programs
including acquisition of land...as are deemed
necessary for management of...threatened
species.” An interagency working group
coordinates spotted ow! inventories throughour

Colorado.
Utah

The UDWR included the Mexican spotted
owl as a sensitive species on its 1987 Native Utah
Wildlife Species of Special Concern list (UDWR
1987). “Sensitive” wildlife is defined as “...any
wildlife species which, although still occurring in
numbers adequate for survival, whose population
has been greatly depleted, is declining in num-
bers, distribution, and/or habitat (S1); or occurs
in limited areas and/or numbers due to a re-
stricted or specialized habitat (52).” A manage-
ment program, including protection or enhance-
ment, is needed for these sensitive species.

The owl’s status was elevated to “Threat-
ened” in the revised draft list in 1992 (UDWR
1992). According to UDWR definition, “threat-
ened” species include “...any wildlife species,
subspecies, or population which is likely to
become an endangered species within the fore-
seeable future throughout all or a significant
portion of its range in Utah or the world.”

Both sensitive and threatened species receive
“protected” status under Utah’s wildlife codes.

For species under protected status, “...[A] person




may not take...protected wildlife or their parts;
an occupied nest of protected wildlife; or an
egg of protected wildlife.” Nor may a person
“...transport,...sell or purchase...or possess
protected wildlife or their parts.”

Texas

Few Mexican spotted owls are documented
for Texas, and most of the location records are in
Guadalupe National Park. Thus, the State of
Texas has no spotted owl program. However,
Texas Parks and Wildlife Code Section 64.002
provides protection for nongame birds by
prohibiting killing, trapping, transportation,
possession of parts, and the like. Destruction of
eggs and nests of nongame birds is also prohib-
ited.

TRIBES

Tribal beliefs and philosophies guide re-
source management on Tribal lands. Several
Tribes consider owls a bad omen; however, Tribal
beliefs also dictate that all living creatures are
essential parts of nature and, as such, they are
revered and protected. For example, the Elders
Council of San Carlos Apache Tribe expressed
the traditional view that owls and their homes
should not be disturbed.

Mexican spotted owl habitat or potential
habicat exists on 10 Indian reservations in the
Southwest. Eight of the Tribes have conducted
spotted owl surveys, and five Tribes have located
spotted owls on their lands. Two other Tribes
have historical spotted owl records.

Reservations were established for the benefit
of the Tribes and their members. Tribal lands are
held in “trust” by the Federal Government. They
are not considered public lands or part of the
public domain. Tribes are sovereign governments
with management authority over wildlife and
other Tribal land resources. Many Tribes main-
tain professionally staffed wildlife and natural
resources management programs to ensure
prudent management and protection of tribal
resources, including threatened and endangered
species.

Volume I/Part 1

Mexican Spotted Owl Recovery Plan

The FWS is aware of spotted owl conserva-
tion efforts on five Indian reservations: the
Mescalero Apache, Fort Apache, San Carlos
Apache, Jicarilla Apache, and Navajo Nation.

Mescalero Apache Tribe

The Mescalero Apache Tribe in New Mexico
actively manages their forest while managing for
all federally listed or proposed threatened or
endangered species that may exist on the reserva-
tion, including the Mexican spotted owl. This is
accomplished through developing strategies for
identifying and managing habitat determined by
the Tribe to be necessary to ensure protection.
The Mescalero has been working with the FWS
in development of a conservation strategy for the
subspecies on reservation lands.

White Mountain Apache Tribe

The Tribe recently developed a conservation
plan for Mexican spotted owls on the reserva-
tion. Areas containing spotted owls are placed in
one of two land-management categories, termed
Designated Management Areas (DMAs). Areas
supporting “clusters” of four or more territories
are considered “Category-1" DMAs. In these
areas, spotted owl habitat concerns drive man-
agement prescriptions; timber harvest is a
secondary objective. Category-1 DMAs range
from about 2,430-4,050 ha (6,000-10,000 ac),
and contain 57% of known spotted owl sites on
the reservation.

“Category-2" DMAs include areas support-
ing 1-3 owl territories. Habitat outside the
territories is managed only secondarily for
spotted owls, with other resource objectives
given priority. No timber harvest is allowed in
30-ha (75 ac) patches around owl activity cen-
ters. A seasonal restriction on potentially disturb-
ing activities is provided in a 202-ha (500 ac)
area, and timber prescriptions within this area
should be designed to improve habitat integrity.

The Tribe continues to survey their lands for
spotted owls. If more owl sites are detected,
Category-1 and Category-2 DMAs may be
established upon approval by the Tribal Council.



San Carlos Apache Tribe

Spotted owl surveys on the San Carlos
Apache Reservation have been conducted ac-
cording to the FS Region 3 Mexican Spotted
Owl Inventory Protocol. Mexican spotted owl
habitat has been identified and delineated
throughout the reservation. A joint Tribal/
Bureau of Indian Affairs interdisciplinary team
evaluates effects of actions on spotted owls. Any
potential impact on spotted owls or owl habitat
is deferred until compliance with the Act and
associated regulations is attained.

Preliminary discussions between the San
Carlos Apache and the FWS have taken place
regarding development of specific spotted owl
management guidelines. Approximately 90% of
tribally identified nesting, roosting, and foraging
habitats are on lands inoperable for timber
harvest and therefore are not in the commercial
timber base.

Jicarilla Apache Tribe

The Jicarilla Apache Tribe has developed a
spotted owl conservation plan, approved by the
Jicarilla Tribal Council and accepted by the
FWS. No resident owls have been detected to
date on the reservation; however, in the event
resident owls are detected, the Tribe has pro-
posed to designate a 405-ha (1,000 ac) manage-
ment territory. Uneven-aged timber manage-
ment will be allowed to continue in all but 40 ha
(100 ac) of the territory. In the absence of
confirmed resident owls, all mixed-conifer stands
of 10 ha (25 ac) or greater are treated as roost-
ing/nesting sites, and timber harvest will not be
allowed. A seasonal restriction around any active
nest sites that are found is also proposed.

Navajo Nation

Mexican spotted owl management on the
Navajo Nation, and particularly on the Navajo
Nation Commercial Forest, currently adheres to
ES Region 3’s ID No. 2. The FS Region 3
Mexican Spotted Owl Inventory Protocol is
followed for all timber sales on the commercial
forest and for any project or disturbance, on or
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off the commercial forest, that may impact
spotted owls. The current Navajo spotted owl
inventory program is limited to areas where
timber sales or other projects are planned.

The Navajo Nation is developing a multi-
species conservation plan, including manage-
ment guidelines for spotted owl conservation, in
conjunction with their 10-year plan for manag-
ing commercial forest. Upon completion of the
multi-species conservation plan, the Navajo
Nation may apply to the FWS for a section
10(a)(1)(B) permit, which will allow limited
incidental take to occur provided an adequate
habitat conservation plan is implemented.

MEXICO

The Mexican spotted owl is listed as a
threatened species under Mexico’s Official
Mexican Norm (NOM) (NOM-059-ECOL-
1994). Threatened species are defined as those
which could face danger of extinction if the
conditions that cause deterioration or modifica-
tion of their habitats, or decline of their popula-
tions, prevail.

Species listed under NOM are afforded
certain protections:

1. Possession, use, or derivation of profit
from live wildlife or plants, whether
originating in captivity or in the wild, are
prohibited.

2. Use and exploitation of the habitats of
listed species are prohibited in some
States.

Some use of threatened species is allowed for
scientific and recovery purposes. For example,
specimens and their parts, products, and by-
products can be removed from their natural
environment for scientific purposes under
permits issued by legal authorities, with the
understanding that specimens or their parts
cannot be used for commercial purposes. In
addition, specimens can be removed from the
wild for the purpose of captive breeding upon
approval of the Mexican government.

Under NOM, recovery plans have been
prepared for sea turtles and the monarch butter-



fly. The Government and other institutions have
shown interest in the conservation of other
species such as manatees, yellow-headed parrots,
and Mexican spotted owls, but currently no
recovery plans are in place for these species.
Social, economic, and polirical systems differ
in Mexico from those in the U.S. Concomi-
tantly, land ownership patterns differ and influ-
ence natural resource management. Mexican
lands are classified into three types of tenancy:

1. Federal lands include all lands adminis-
tered under Federal Government institu-
tions. Federal lands include protected
natural areas such as Reserves of the
Biosphere, National Parks, and Areas of
Protection of Natural Resources. Pro-
tected natural areas comprise 3% of the
total area of Mexico’s five recovery units.
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Ejidal lands are allotted by the Mexican
Government to a person or community
for agriculture, forestry, mining, and
other uses. Thus, lands within ¢jidos are
intensively managed for natural resource
use. Ejidos comprise approximately
17.5% of the area within the Mexican
recovery units.

Private lands are possessed under a
“certificate of inaffectability.” Any
protection afforded these lands is at the
discretion of the landowner. Approxi-
mately 79.5% of the Mexican recovery
units is comprised of private land.



Mexican Spotted Owl Recovery Plan

D. CONSIDERATIONS IN
RECOVERY PLAN DEVELOPMENT

Thhis section describes various consider-
ations, other than the basic biology of the
Mexican spotted owl, that were integral in
development of this Recovery Plan.

RECOVERY UNITS

The Mexican spotted owl is a widespread
subspecies that occurs in a wide variety of
habitats (see Part II). In addition, the threats
faced by the subspecies, the management re-
gimes employed by various agencies and in each
country, and the protective mechanisms available
in different portions of the subspecies’ range are
variable. Finally, spotted owl densities, food
habits, degree of isolation, and other aspects of
the subspecies’ biology differ somewhat among
portions of its range. For these reasons, the
Recovery Team partitioned the Mexican spotted
owl range into distinct recovery units. Six
recovery units were designated in the United
States: Colorado Plateau, Southern Rocky
Mountains - Colorado, Southern Rocky Moun-
tains - New Mexico, Upper Gila Mountains,
Basin and Range - West, and Basin and Range -
East (Figs. II.B.1 and II.B.3-I1.B.8). Five recov-
ery units were established in Mexico: Sierra
Madre Occidental - Norte, Sierra Madre Occi-
dental - Sur, Sierra Madre Oriental - Norte,
Sierra Madre Oriental - Sur, and Eje
Neovolcanico (Figs. I1.B.2). For a complete
description of the recovery units and the bases
for their designation see I1.B.

Whereas some management recommenda-
tions apply to the subspecies rangewide, delin-
eating recovery units allowed specific recommen-
dations to be prioritized appropriately within
each portion of the subspecies” range. In addi-
tion, some criteria for delisting the subspecies
apply at the recovery-unit level. This approach
allows delisting of the Mexican spotted owl by
recovery unit when certain rangewide population
and habitat criteria are met and when regional
management plans or other sufficient regulatory
mechanisms are implemented.
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THE CURRENT SITUATION

In developing this Recovery Plan, the Recov-
ery Team considered various aspects of the
current spotted owl population, habitat, and
threats. Two salient points emerged. First, the
Recovery Team assumes that the current popula-
tion size and distribution are adequate for
providing a reference point for assessing future
changes in the population, since no undisputable
evidence is available indicating that the popula-
tion is declining or is significantly below histori-
cal levels. This is a critical assumption that must
be tested through the population monitoring
required by this Recovery Plan. If the monitor-
ing data demonstrate that the population is
stable or increasing, the assumption of adequate
population size will be validated. Conversely, if
monitoring data show a decreasing population,
the situation will need to be reexamined and
corrective measures must be developed. Thus,
the population and habitat monitoring require-
ments are essential parts of this Recovery Plan; if
these monitoring efforts are not conducted, the
management recommendations provided herein
cannot stand alone.

A second consideration involves variations in
both spotted owl densities and threats faced
throughout the subspecies’ range. Spotted owl
densities are greatest in the center of the subspe-
cies’' range and they decrease toward the range
periphery. In addition, the main threats identi-
fied during the listing process were forestry
practices and wildfire risk, both of which vary
across the subspecies’ range. Table 1.D.1. illus-
trates the Recovery Team’s appraisal.

The Upper Gila Mountains, Basin and
Range - West, and Basin and Range - Fast
Recovery Units have significant owl populations
with the potential of being seriously impacted by
fire and/or forestry practices (Table I.D.1). This
conclusion does not imply that the other recov-
ery units are not important, but leads to the
recommendations that (1) recovery efforts
concentrate on recovery units with the highest
owl populations and where significant threats
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Table I.D.1. Summary of relative Mexican spotted owl population size, timber harvest threat, and

fire threat by U.S. Recovery Unit.

Threat Significance

Recovery Unit Population  Fire Timber
Colorado Plateau low moderate low
Southern Rocky Mtns-CO low high low
Southern Rocky Mtns-NM low high high
Upper Gila Mountains high high high
Basin and Range - West high high low
Basin and Range - East high high high

exist; (2) management within recovery units
should emphasize alleviating the greatest threats;
and (3) the management recommendations in
Part III should be tailored to the owl population
and the threats existing in the specific area under
analysis.

The Recovery Team believes the risk of
extirpation of Mexican spotted owls under the
near-term management recommendations is low.
This belief is based on two points:

1. Implementation of the management
recommendations within this Recovery
Plan (see Part IIT) will protect occupied
habitat, protect other habitat that can
presumably be occupied in the near
future, and allow for “replacement”
habitat to develop and be sustained on
the landscape. Habitat monitoring as
required by this Recovery Plan should
provide data on habitat trends through-
out Recovery Plan duration.

2. The population will be monitored over
the life of the Recovery Plan, thus
providing insight as to whether the
current “baseline” population is suffi-
cient to maintain the subspecies over
time and testing the assumption that
the “baseline” population is adequate.
The Recovery Team did not make the
assumption that the “baseline” popula-
tion is adequate lightly, but reasoned
that the Mexican spotted owl is well
distributed throughout its historical
range, suggesting that no significant
extirpations have occurred.
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RECOVERY PLAN DURATION

Any management plan must specify the time
period over which the plan is to be imple-
mented. The Recovery Team decided that a 10-
year period is appropriate for the Mexican
Spotted Owl Recovery Plan (assuming the
delisting criteria specified in III.A are met) for
several reasons:

Ten years allows adequate time to moni-
tor the trends in population and habitat.
The charge of the Recovery Team was

to develop a plan that would lead to
recovery of the subspecies. In developing
the delisting criteria specified in 1I1.A,
the Recovery Team reasoned that the
population must be stable or increasing
before the subspecies could be consid-
ered for delisting. The Recovery Team
further determined that a monitoring
period of 10 years would provide infor-
mation about population trends that
could be used with a reasonably high
level of confidence. The five-year moni-
toring period the Act requires after a
species is delisted will further increase
confidence in trend information.

A 10-year period should be sufficient
time to fill some of the major gaps in
existing knowledge, and accommodate
possible changes in future conditions.
Many aspects of Mexican spotted owl
biology remain unknown or poorly
understood. Consequently, the effects of




different resource-management practices
on the fitness of individuals and on
population persistence remain unclear. A
better understanding of these relation-
ships is needed before a viable long-term
management plan can be developed.
Implementing the Recovery Plan in-
cludes conducting the research activities
recommended in 1I1.D; if these studies
are started immediately, 10 years should
be adequate to complete the majority of
them.

3. Uncertainty about the future could
render this Recovery Plan inadequare,
unacceptable, or otherwise obsolete.
Future events and developments could
have social, economic, environmental,
and other ramifications that cannot be
predicted. To try to plan beyond the next
decade or so would require an unjustified
confidence in our ability to predict the
state of our society and the environment.

4.  Consistency with the requirements of the
Act. The Act requires that the status of
listed species be reviewed every five years.
This Recovery Plan constitutes an in—
depth status review of the Mexican
spotted owl, so a formal status review
should be conducted in years five and 10
of Recovery Plan implementation.
Unless new information or other devel-
opments render this Recovery Plan
obsolete in the interim, the 10-year
point should mark the end of this
Recovery Plan and implementation of a
longer-term management strategy.

Several reviewers of the draft version of this
Recovery Plan pointed out that this relatively
short Recovery Plan duration fails to take into
account the long-term processes that have
influenced and will continue to influence
dynamic ecosystems. The Recovery Team be-
lieves, however, that the management recom-
mended for the next few years was developed
with consideration of the long- and short-term
effects of these near-term management recom-
mendations.
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Based on the foregoing points, the Recovery
Team recommends a Recovery Plan duration of
10 years unless data indicate that carlier revision
is appropriate, or that the applicable recommen-
dations be continued beyond that time. The
monitoring and research to be conducted during
the life of the Recovery Plan will resolve much
uncertainty surrounding the Mexican spotted
owl. The uncertainty about the future can never
be resolved, but a better understanding of
Mexican spotted owl natural history will en-
hance our ability to create a long-term manage-
ment plan.

CONSERVATION PLANS

FOR OTHER SPOTTED OWL
SUBSPECIES

Several conservation strategies have been
developed for the other spotted owl subspecies.
Perhaps the best known subspecies is the north-
ern spotted owl of the Pacific Northwest and
northwestern California. The northern subspe-
cies was listed as threatened in June 1990,
resulting in extensive conflict between conserva-
tion of the subspecies and economic and social
interests of the Pacific Northwest, particularly
the timber industry.

The first management strategy was initiated
by the ES in the late 1970s. That approach,
which continued within some portions of the
subspecies’ range until 1990, was to manage
individual spotted owl territories, called Spotted
Owl Habitat Areas (SOHASs), or, earlier, Spotted
Owl Management Areas. Each SOHA consisted
of certain acreages that varied according to
location. Those territories were established
according to certain clustering and spacing
guidelines, and the general prescription for the
territories was to restrict timber harvest so that a
minimum “suitable habitat” acreage standard was
maintained in the territories. However, in certain
circumstances some harvest was allowed, such as
salvage harvest.

In 1989, in response to increasing contro-
versy over the spotted owl issue, the difficulty
the issue was causing land-management agencies,
and the proposed listing of the northern spotted
owl as a threatened species, the Interagency
Scientific Committee (ISC) was established. The



ISC produced “A Conservation Strategy for the
Northern Spotted Owl” (Thomas et al. 1990),
which recommended significant changes in
spotted owl management on public lands in the
Pacific Northwest. Briefly, the ISC delineated
large blocks of owl habitat, called Habitat
Conservation Areas (HCAs). The goal was to
delineate, where possible, HCAs known to
support or with the potential to support at least
20 spotted owl pairs. However, where 20-pair
HCAs were not possible, HCAs of 1 to 19 pairs
were delineated. The HCAs were spaced certain
distances from one another, depending on their
sizes. The HCAs were to be managed so that no
habitat degradation occurred within them,
protecting existing habitat and allowing previ-
ously disturbed areas to return to a suitable
condition. The ISC envisioned eventual HCAs
where owl pairs could freely interact without
significant disruption of habitat continuity
between territories.

In addition, the ISC recommended manag-
ing the areas between HCASs, termed the “forest
matrix,” according to the “50-11-40 rule.” This
rule prescribed that at least 50% of the forested
area within each quarter-township was to con-
tain trees averaging a minimum of 28 cm (11 in)
in diameter and with at least 40% crown closure.
The idea was that these conditions would allow
movement of owls between HCAs, thereby
allowing genetic flow and demographic rescue of
subpopulations. The ISC also recommended
retention of 28-ha (70-acre) areas within the
forest matrix to possibly provide future nesting/
roosting sites.

In 1991, the Secretary of the Interior ap-
pointed the Northern Spotted Owl Recovery
Team and charged it with developing a recovery
plan for that subspecies. That recovery plan was
closely modeled after the ISC plan. The HCA
network was modified based on updated infor-
mation, resulting in a network of Designated
Conservation Areas (DCAs). Timber harvest in
DCAs was generally not allowed in suitable
habitat. Silvicultural treatments designed to
encourage spotted owl habitat were limited to no
more than 5% of a DCA in the first five years of
plan implementation. Management recommen-
dations for areas outside DCAs deviated from
the ISC approach by providing greater justifica-
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tion for specific recommendations and consider-
ation of economic efficiency of implementation.

The Northern Spotted Owl Recovery Plan
was never implemented. Instead, the most recent
management strategy for the northern spotted
owl resulted from analyses and recommendations
formulated by the Forest Ecosystem Manage-
ment Assessment Team (FEMAT). The FEMAT
was appointed by President Clinton to develop
alternative plans for management of late-succes-
sional ecosystem components including, but not
specific to, the northern spotted owl. Only
Federal land management was addressed in the
FEMAT alternatives.

The President selected “Option 9” developed
by the FEMAT, which calls for a series of Late
Successional Reserves (LSRs) corresponding
roughly to the HCAs under the ISC plan.
Qutside the LSRs, the forest matrix includes
Riparian Reserves (various sized buffers along
class 1-3 streams); green-tree retention require-
ments (where 15% of each watershed is managed
for late successional forest and at least 15% of
each harvest unit is retained in the latest succes-
sional forest available); and preservation of 40 ha
(100 ac) around all owl sites known as of 1
January 1994. The goal of this matrix prescrip-
tion is to accommodate dispersing and “floater”
owls, as well as other species dependent on old
and mature forest conditions.

The FEMAT plan also establishes Adaptive
Management Areas (AMAs) in California,
Oregon, and Washington. These AMAs vary
from less than 40,500 ha (100,000 ac) to nearly
200,000 ha (500,000 ac). The management
objectives for each AMA also vary, but they are
generally established to develop and test tech-
niques for active forest management that provide
a wide range of resource values including forest
products, late-successional forest habitat, and
high-quality recreation.

The range of the California spotted owl
abuts the range of the northern subspecies in
northeastern California, ranging south through
the Sierra Nevada, west through the “transverse
ranges” of Southern California, then north along
the Coast Range to Monterey County. The
California spotted owl was first managed by the
FS using the SOHA system described for the

northern subspecies. The portion of the subspe-



cies’ range in Southern California is still man-
aged under that system while its effectiveness is
assessed. However, the current management
regime in the Sierra Nevada is described in the
“Assessment of the Current Status of the Califor-
nia Spotted Owl, with Recommendations for
Management” (Caspow Plan) (Verner et al.
1992b). The FS implemented the Caspow Plan
on a temporary basis through an environmental
assessment under the National Environmental
Policy Act (NEPA) on 1 March 1993. The ES
has since released a draft environmental impact
statement under the NEPA that analyzes several
alternatives for California spotted owl manage-
ment, one of which is the Caspow Plan.

In the Sierra Nevada, the Caspow Plan
recommends management emphasizing adequate
amounts and distribution of suitable ow] habitat
through improved habitat and resource manage-
ment practices rather than through protection of
Jarge blocks of habitat. The strategy seeks to
protect known owl nest or roost sites, retain the
larger and older components of forest structure,
and address the problems of fire suppression and
fuel loading. Additional objectives include
rapidly recovering nesting and roosting habitat
following disturbance, maintaining existing
canopy layers, promoting tree growth by thin-
ning in middle and lower canopy layers, and
reducing vertical fuel ladders. Habitat available
for timber management is classified by structural
condition and utility for various life history
requirements, and the resultant habitat classes
are managed with restrictions on structural
modifications. Long-term management propos-
als also focus on spotted owl nesting and roost-
ing habitat as the target conditions for silvicul-
tural activities.

To formulate the management strategy
contained in this Recovery Plan, the Recovery
Team examined the extensive efforts to protect
the California and northern spotted owl subspe-
cies. These efforts have, so far, experienced
varying degrees of success and controversy.
Moreover, the three subspecies exhibit differ-
ences in habitat use, habitar distribution, and
threats. The Mexican Spotted Owl Recovery
Plan combines, in the Recovery Team’s opinion,
the applicable recommendations from other
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planning efforts with those uniquely applicable
to the Mexican subspecies.

ECOSYSTEM MANAGEMENT

The development of ecosystem management
in the history of conservation plans for the
northern spotted owl was described by Meslow
(1993). Results of population and habitat
research were incorporated into landscape
designs involving reserves (HCAs) and intersti-
tial matrices, both of which are basic attributes
of landscape ecology (Diaz and Apostol 1993).
Further considerations of the ecosystem manage-
ment approach were extended to sympatric
Federal- and State-listed species. It was clear that
single-species management for the northern
spotted owl would have numerous impacts on
the many eligible but yet to be listed species
(USDI 1992; Block et al. 1995). Thomas et al.
(1993) described the relationship between the
[SC plan for the northern spotted owl and the
likelihood of viability for a suite of other species
closely associated with late-successional forest.
Verner et al. (1992) described numerous links
between the California spotted owl and associ-
ated ecosystem components that it uses and
requires to survive. Assessments of other species,
such as northern goshawks (Reynolds et al.
1992) have also underscored the need to manage
large landscapes to provide adequate prey and
the diversity of habitats needed by those species.

Despite growing academic and professional
awareness of the need to manage entire ecosys-
tems, the Recovery Team is charged with devel-
opment of a recovery plan for a single species.
However, as the FWS and other land-manage-
ment agencies move toward managing entire
ecosystems, they are recognizing that single-
species management will never protect all of the
organisms that comprise the ecosystems upon
which target species depend. Furthermore, a
management plan for one species may conflict
with a management plan for a sympatric species
in absence of careful integration of the two
plans. Block and Brennan (1993) noted that the
management recommendations of the ISC for
the northern spotted owl were firmly based in
habitat management. In addition to habirat,
however, both ecosystem-oriented and popula-



tion-level considerations must be wed in conser-
vation planning (Gutiérrez 1994).

The recovery team considered the interac-
tion of populations, habitats, and ecosystems in
the development of this Recovery Plan. The
Recovery Team recognizes that numerous habi-
tats exist within the range of the Mexican spot-
ted owl and that not all of those habitats are
important to the subspecies. The Recovery Team
concentrated its management recommendations
on habitats known to be important to the owl
(see Parts II and 1II), while allowing other
ecosystem management objectives, such as
conservation of other species, to drive manage-
ment of habitats where spotted owls are a sec-
ondary concern.

The Recovery Team believes that it is impor-
rant to evaluate the effects of implementing
Recovery Plan management recommendations
on other endangered, threatened, sensitive,
candidarte, or other species of concern. In addi-
tion, it is important that the recommendations
for Mexican spotted owl management be com-
pared with the recommendations in other
species’ recovery or management plans. If con-
flicts are identified, they need to be resolved by
appropriate land managers and/or scientists.

An important objective in management of
forested ecosystems should be to address forest
health problems, return forested ecosystems to
conditions within their natural range of varia-
tion, and work toward sustainable and resilient
ecosystems. The goals of this Recovery Plan and
ecosystem management principles are compat-
ible. Proper ecosystem management will provide
for landscapes in which spotted owls and other
ecosystem components persist within the range
of their evolutionary adaprations. The metric
used to measure progress should be the amount
of acreage successfully treated to meet a desired
result, and not commodity-based measures such
as “board feet” or “animal unit months.” Com-
modities will undoubtedly be a byproduct of
forested ecosystem management, but should not
be the driving consideration.

ECONOMIC CONSIDERATIONS

Protecting threatened and endangered
species can conflict with other resource objec-
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tives. These conflicts can become more intense
when species conservation efforts restrict eco-
nomic returns from lands people depend upon
for their livelihoods and communities depend
upon for their very existence. Whether conflicts
between species conservation and economic
return are real or perceived, human concerns
should be considered so long as the conservation
goal is achieved.

As mentioned previously, the Recovery
Team’s charge was to develop a plan that would
lead to recovery of the Mexican spotted owl.
However, specific cause-effect relationships of
many management activities on individual owls
and pairs or in relation to population processes
are not entirely clear. Given these uncertainties,
it may be tempting to take a conservative ap-
proach to recovery by recommending cessation
of all anthropogenic activities for which effects
of the activity on the target species are poorly
understood. However, recommendations for
resource management should be based on
established information. The absence of needed
information should stimulate research, and the
results of that research should guide manage-
ment. The only way to understand the cause-
and-effect relationships between management
actions and specific resources is by studying
them, preferably through controlled experi-
ments.

The recommendations contained herein
allow most land-management activities to occur
provided that the effects of those activities are
evaluated during the recovery period. In addi-
tion, the Recovery Plan recommends that
scientific monitoring of the Mexican spotted owl
population and its habitat should accompany
those activities to assess their impact on sportted
owl populations. If warranted, these activities
can be altered or eliminated if monitoring or
research indicates a significant risk to the spotted
owl population. In other cases, restrictions on
human activities are recommended where data
show a high likelihood that the spotted owl’s
persistence may be significantly compromised if
certain land-management practices continue.

Obviously, the decision on which activities
must be altered or eliminated and which may
proceed if closely monitored cannot be made
with absolute certainty. Such decisions require



professional judgement of the most qualified
scientists using the best available data. The FWS
selected the Recovery Team members with that
fact in mind. However, the FWS also intends to
use the expertise of others who may contribute
useful information to improve management of
the Mexican spotted owl.

Any conservation plan, regardless of species,
must include the considerations discussed above
when uncertainties exist. The FWS is confident
that this Recovery Plan, given its inherent
flexibility, has a high likelihood of leading to the
recovery of the Mexican spotted owl without
causing unacceptable levels of economic and
social hardship during its implementation.

HUMAN INTERVENTION
AND NATURAL PROCESSES

Much criticism directed at Mexican spotted
owl management centers on the concept that
today’s southwestern forests are in an unnatural
state; that grazing, fire suppression, forestry
practices, and other anthropogenic processes
have led to forest conditions much denser than
those existing during presettlement times. A
concurrent increase in mixed-conifer forests is
also believed to have occurred. These points
lead some to the conclusion that the Mexican
spotted owl population is at an all-time (and
unsustainable) high. The Recovery Team is
unaware of data that clearly support that conclu-
sion, and questions whether stands recently
converted to mixed-conifer forest possess the
structural characteristics utilized by the subspe-
cies. The Recovery Team acknowledges that
humans have had a pronounced influence on
contemporary forest conditions; however, the
effects of human activities on the Mexican
spotted owl population are unknown. Even if
one accepts that the spotted owl population in
mixed-conifer forest is unnaturally high, one
must also consider that other habitats that may
have been important historically, such as lower-
and middle-elevation riparian areas, have been
dramarically reduced. These two trends may be
offsetting, and the net gain or loss of spotted owl
carrying capacity can only be speculated upon.
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It would be imprudent, if not impossible, to
develop a management plan for a species by
speculating on its status in the distant past;
rather, the appropriate approach is to acknowl-
edge that we are dealing with a drastically altered
landscape and that a return to presettlement
conditions is impossible. In that light, the
Recovery Team acknowledges that humans have
a major role to play in management of the
spotted owl and the forests of the Southwest.
The Recovery Team believes that a viable forest-
products industry is critical in carrying out the
management actions recommended in this
Recovery Plan, making it an essential agent of
plan implementation.

DIFFERENCES BETWEEN
THE DRAFT AND FINAL
RECOVERY PLANS

The Recovery Team considered all com-
ments received on the draft Mexican Spotted
Owl Recovery Plan. In addition, the draft
Recovery Plan underwent extensive peer review
from both purposely selected reviewers and
“blind” reviewers selected by certain scientific
societies (see Appendix E). These reviews led to a
final Recovery Plan that differs substantially
from the draft version. We do not attempt to
detail every difference between the two versions
of the Recovery Plan, but discuss these differ-
ences in general terms.

Part II of the draft Recovery Plan contained
a great deal of technical information. In the
interest of making the Recovery Plan an easier
document to use, several of those chapters were
placed in a companion volume to this Recovery
Plan. The information contained in those
chapters was integral to Recovery Plan develop-
ment, so the main points in each are summa-
rized in Part II of this final Recovery Plan.

Part I1I has changed substantially from the
draft version. Much of the background and
justification discussion has been moved to Part
11, so that the current Part IIT deals strictly with
the management recommendations and delisting
criteria. This allows land managers to more easily
pull the specific recommendations out of the
Part 111 text. In addition, the management



recommendations have changed considerably, in
that they are now in a more descriptive, rather
than prescriptive, context. The changes were in
response to comments from numerous land
managers who expressed their concern that many
of the tools available to achieve land-manage-
ment objectives were overly constrained. The
Recovery Team recognizes that the best approach
is to describe the desired conditions on the
landscape, while providing land-management
professionals the flexibility to choose the tools to
achieve the stated objectives.
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The most significant change in Part IV 1s
that the responsibility for implementing some of
the tasks recommended in this Recovery Plan
has been distributed among different entities. In
addition, the estimated costs of implementing
specific recovery tasks is provided.



Biological and Ecological Background

Volume I, Part Il
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A. GENERAL BIOLOGY
AND ECOLOGICAL RELATIONSHIPS OF

THE MEXICAN SPOTTED OWL
Sarah E. Rinkevich, Joseph L. Ganey, James P. Ward Jr.,
Gary C. White, Dean L. Urban, Alan B. Franklin,
William M. Block, and Fernando Clemente

Thhis section presents a summary of
Volume 2, which examines aspects of the biology
and ecological relationships of Mexican spotted
owls in more detail. This is not an exhaustive
treatment of the owl’s biology and ecology, but is
intended to provide an overview of biological
elements germane to recovering the Mexican
spotted owl. Although gaps still exist, our
understanding of the Mexican spotted owl’s
natural history has increased with recent research
as well as data analyses accomplished by the
Recovery Team.

A wealth of information exists for the north-
ern and California spotted owls (Thomas et al.
1990, Bart et al. 1992, Verner et al. 1992a,
Gutiérrez et al., 1995). Although different in
some respects, many aspects of the owls’ biology
and ecology are similar among the three subspe-
cies. Thus, where appropriate, information from
these subspecies was used for comparison or
where data were limited regarding the Mexican
spotted owl.

TAXONOMY

Three species within the genus Strix occur
north of Mexico: spotted (S. occidentalis), barred
(S. varia), and great gray owls (S. nebulosa).
Mexican spotted, barred, and fulvous owls (5.
fulvescens) occur in Mexico. The Mexican spot-
ted owl (S. 0. lucida) is one of three subspecies of
spotted owl recognized by the American Orni-
thologists’ Union (AOU) in its last checklist that
included subspecies (AOU 1957:285). The other
two subspecies are the northern (S. o. caurina)
and the California spotted owl (8. o. occidentalis)
(AOU 1957; Figure.Il.A.1).

The Mexican subspecies was first described
from a specimen collected at Mount Tancitaro,
Michoacan, Mexico and named Syrnium
occidentale lucidum (Nelson 1903). The spotted
owl was later assigned to the genus Strix
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(Ridgway 1914) and the subspecific name was
changed to /ucida to conform to taxonomic
standards. Monson and Phillips (1981) regarded
the Mexican spotted owl in Arizona as S. o.
huachucae, noting that they were paler than 8. o.
lucida. However, this taxonomic designation was
not followed by the AOU (1957).

The Mexican subspecies is geographically
isolated from both the California and northern
subspecies. Using electrophoresis to examine
allozyme variation, Barrowclough and Gutiérrez
(1990) found a major allelic difference between
the Mexican spotted owl and the two coastal
subspecies. This difference suggests that the
Mexican spotted owl has been isolated geneti-
cally from the other subspecies for considerable
time, has followed a separate evolutionary
history, and could therefore be considered a
separate species (Barrowclough and Gutiérrez
1990:742).

Northern spotted owls are known to hybrid-
ize with barred owls. Hybrids have been found
in Washington and Oregon (Hamer et al. 1992),
and in California (Alan Franklin, Humboldt
State Univ., Arcata, CA, pers. comm.). The
hybrids can be identified by their plumage,
vocalizations, and morphology (Hamer et al.
1992). Closely related species occasionally
hybridize naturally, especially where habitat
disruption has led to contact between species
previously isolated geographically (Short 1965,
1972). Hybridization has not been reported in
the Mexican subspecies. The possibility of
hybridization exists in Mexico where barred
owls, fulvous owls, and spotted owls overlap in
distribution. No evidence currently exists docu-
menting actual sympatry among these species,
however.
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Figure II.A.1. Geographic range of the spotted owl.
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DESCRIPTION

The spotted owl is mottled in appearance
with irregular white and brown spots on its
abdomen, back, and head. The spots of the
Mexican spotted owl are larger and more numer-
ous than in the other two subspecies, giving it a
lighter appearance. Strix occidentalis translates as
“owl of the west” and /fucida means “light” or
“bright.” Unlike most owls, spotted owls have
dark eyes. Several thin white bands mark an
otherwise brown tail.

Adult male and female spotted owls are
mostly monochromatic in plumage characteris-
tics, but the sexes can be readily distinguished by
voice (see below). Juveniles, subadults, and
adults can be distinguished by plumage charac-
teristics (Forsman 1981, Moen et al. 1991).
Juvenile spotted owls (hatchling to approxi-
mately five months) have a downy appearance.
Subadults (5 to 26 months) closely resemble
adults, but have pointed retrices with a pure
white terminal band (Forsman 1981, Moen et al.
1991). The retrices of adults (>27 months) have
rounded tips, and the terminal band is mottled
brown and white.

Although the spotted owl is often referred to
as a medium-sized owl, it ranks among the
largest owls in North America. Of the 19 species
of owls that occur in North America, only 4 are
larger than the spotted owl (Johnsgard 1988).
Like many other owls, spotted owls exhibit
reversed sexual dimorphism (i.e., females are
larger than males). Adult male Mexican spotted
owls (n = 37) average 519 + 32.6 (SD) ¢
(18.5 oz), and adult females (7 = 31) average 579
+31.2 g (20.7 0z) (Kristan et al., in prep.).
There appears to be clinal variation among the
three subspecies in a number of morphological
characteristics measured, with size decreasing
from north to south (Kristan et al., in prep.).

DISTRIBUTION
AND ABUNDANCE

The Recovery Team gathered and examined
information on the distribution and abundance
of Mexican spotted owls through 1993. Data
from surveys conducted after 1993 were not

available for our analyses.
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We used the information collected to (1)
document historical and current range of this
subspecies, (2) help formulate Recovery Unit
boundaries, and (3) provide a template for
analyses at the landscape scale. Descriptions of
Recovery Units are provided in the following
chapter (IL.B).

The Mexican spotted owl currently occupies
a broad geographic area, but does not occur
uniformly throughout its range (Figure I11.A.2).
Instead, the owl occurs in disjunct localities that
correspond to isolated mountain systems and
canyons. In the United States, 91% of the owls
known to exist between 1990 and 1993 occur on
lands administered by the FS (Table IL.A.1).
Other lands currently occupied by Mexican
spotted owls in the United States include, NPS
(4%), BLM (2%), Tribal (2%), and DOD (1%).
We know that more owls occur on Tribal lands
than indicated here, but specific information on
numbers of owls known on Tribal lands was not
made available to the Team. Owl distribution
according to land ownership is unavailable for
Mexico. Eighty-nine percent of the owls known
to exist between 1990 and 1993 in Mexico were
in the States of Sonora and Chihuahua (Table
I1.A.1, Figure I1.A.3). However, most survey
efforts in Mexico were restricted to these states,
and these numbers do not necessarily reflect
actual trends in distribution.

The current owl distribution mimics its
historical extent, with a few exceptions. The owl
has not been reported recently along major
riparian corridors in Arizona and New Mexico,
nor in historically documented areas of southern
Mexico. Riparian communities and previously
occupied localities in the southwestern United
States and southern Mexico have undergone
significant habitat alteration since the historical
sightings (USDI 1993). However, the amount of
effort devoted to surveying these areas is un-
known and future surveys may document
spotted owls there. Surveys conducted to relocate
spotted owls in northern Colorado near Fort
Collins and Boulder, where records exist from
the early 1970s and 1980s, have been unsuccess-
ful. Surveys conducted in the Book Cliffs of east-
central Utah, where owls were recorded in 1958,
have also been unsuccessful. Although historical
(pre-1990) data provide some information about
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Figure I1.A.2. Current distribution of Mexican spotted owls in the United States based on planned

surveys and incidental observations recorded from 1990 through 1993.
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Table I1.A.1. Historical records and minimum numbers of Mexican spotted owls found during

planned surveys and incidental observations, reported by Recovery Unit and land ownership. Recovery
Units are described in Part I1.B.

Number of ! Number of
owl records owl sites
Recovery Unit before 1990 1990-1993
UNITED STATES
Colorado Plateau
ES 21 16
BLM 6 10
NPS 34 23
Tribal 20 132
New Mexico State 1 0
Unknown ? 5 _ 0
Subtotal 87 62
Southern Rocky Mountains — Colorado
ES 2 8
BLM 0 6
NPS 0 0
Tribal 1 -2
Unknown *? _17 _ 0
Subtotal 20 14
Southern Rocky Mountains — New Mexico
ES 25 34
NPS 3 0
New Mexico State 1 0
Private 4 0
Unknown ? 8 0
Subtotal 41 34
Upper Gila Mountains
FS 138 424
BLM 5 0
NPS 5 0
Tribal 0 -2
Private 1 0
Unknown ? 104 _ 0
Subtotal 253 474
Basin and Range — West
ES 82 97
NPS 13 0
Tribal 0 --2
DOD 9 6
Private 8 0
Unknown 57 0
Subtotal 169 103
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Table I1.A.1. continued ‘
Number of ! Number of
owl records owl sites

Recovery Unit before 1990 1990-1993
Basin and Range — East
ES 18 111
BLM 1 0
NPS 6 10
Tribal 2 -2
FWS 1 0
Private _2 _0
Subtotal 30 121
United States Total 600 758
MEXICO
Sierra Madre Occidental — Norte
Sonora 8 9
Chihuahua _10 _ 8¢
Subtotal 18 17
Sierra Madre Oriental — Norte
Coahuila 2 0
Sierra Madre Occidental — Sur
Sinaloa 1 0
Durango 2 0
Aguacalientes 0 14
Zacatecas 0 04
San Luis Potosi 1 0
Guanajuato 1 _0
Subtotal 5 1
Sierra Madre Oriental — Sur
Coahuila 4 0
Nuevo Leon 4 1
Tamaulipas _0 _0*
Subtotal 8 1
Eje Neovolcanico
Jalisco 1 0
Colima 1° 0
Michoacan 1 0
Puebla _ 13 _0
Subtotal 2 0
Mexico Total 35 19

" These values do not necessarily indicate numbers of owls or owl sites because multiple records may exist from the

same site through time.

Additional owls are known to exist on many Tribal lands, but the exact number is unavailable.
Locarions of these records were insufficient for assigning a land ownership.

Additional sightings have been reported from 1994 surveys.

Unverified record not included in totals (see texr).
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and incidental observations recorded from 1990 through 1993.

Mexican Spotted Owl Recovery Plan
Figure II.A.3. Current distribution of Mexican spotted owls in Mexico based on planned surveys
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about past distribution of spotted owls, we stress
that it is not sufficient to allow us to estimate
changes in the number or distribution of owls
from historical to present time.

Most current observations of Mexican
spotted owls are from the Upper Gila Mountains
RU (see I1.B). This unit can be considered a
critical nucleus for the subspecies because of its
central location within the owl’s range and its
seemingly high number of owls. Other areas
likely to be important population centers in-
clude the sky islands of southeastern Arizona and
the Sacramento Mountains of central New
Mexico (Basin and Range RUs; see 11.B). Al-
though information on owl numbers permits a
view of the current distribution, it is not com-
plete enough to provide a reliable estimate of
total population size.

Mexican spotted owls occur at higher densi-
ties in mixed-conifer forests than in pine-oak,
pine, and pinyon-juniper forest types (Skaggs
and Rairt 1988, White et al. 1995). A combined
estimate of Mexican spotted owl density on two
study areas in the Upper Gila Mountains RU is
similar to estimates reported for other spotted
owl subspecies.

In summary, the Mexican spotted owl is
distributed discontinuously throughout its
range, with its distribution largely restricted to
montane forests and canyons. Although future
efforts will undoubtedly discover additional
owls, their documented spatial distribution in
the United States is not likely to change greatly.
The converse is true for Mexico, where planned
surveys have begun only recently.

HABITAT ASSOCIATIONS

Mexican spotted owls nest, roost, forage, and
disperse in a diverse array of biotic communities.
Mixed-conifer forests are commonly used
throughout most of the range (Johnson and
Johnson 1985, Skaggs and Raitt 1988, Ganey et
al. 1988, Ganey and Balda 1989a, Rinkevich
1991, Willey 1993, Fletcher and Hollis 1994,
Seamans and Gutiérrez, in press). In general,
these forests are dominated by Douglas-fir and/
or white fir, with codominant species including
southwestern white pine, limber pine, and
ponderosa pine (Brown et al. 1980). The under-
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story often contains the above coniferous species
as well as broadleaved species such as Gambel
oak, maples, boxelder, and New Mexico locust.
In southern Arizona and Mexico, Madrean pine-
oak forests are also used commonly (Ganey and
Balda 1989a, Duncan and Taiz 1992, Ganey et
al. 1992, Tarango et al. 1994). These forests are
typically dominated by an overstory of Chihua-
hua and Apache pines in conjunction with
species such as Douglas-fir, ponderosa pine, and
Arizona cypress. Evergreen oaks are typically
prominent in the understory (Brown et al.
1980).

Habitat-use patterns vary throughout the
range and with respect to owl activity (see
below). In the northern portion of the range,
including southern Utah, southern Colorado,
and far northern Arizona and New Mexico, owls
occur primarily in steep-walled, rocky canyons
(Kertell 1977, Reynolds 1990, Rinkevich 1991,
Willey 1993). Along the Mogollon Rim in
Arizona and New Mexico, habitat use is less
restricted, and spotted owls occur in mixed-
conifer forests, ponderosa pine-Gambel oak
forests, rocky canyons, and associated riparian
forests (Ganey and Balda 1989a, Ganey et al.
1992, Fletcher and Hollis 1994, Seamans and
Gutiérrez, in press, Peter Stacey, Univ. of
Nevada, Reno, pers. comm.). South of the
Mogollon Rim and into Mexico a still wider
variety of habitat types are used, including
mixed-conifer, Madrean pine-oak, and Arizona
cypress forests, encinal oak woodlands, and
associated riparian forests (Ganey and Balda
1989a, Duncan and Taiz 1992, Ganey et al.
1992, Tarango et al. 1994). Much of this re-
gional variation in habitat use likely results from
differences in regional patterns of habirat and
prey availability.

Nesting and Roosting Habitat

Mexican spotted owls nest and roost prima-
rily in closed-canopy forests or rocky canyons. In
the northern portion of the range (southern
Utah and Colorado), most nests are in caves or
on cliff ledges in steep-walled canyons. Else-
where, the majority of nests appear to be in trees

(Fletcher and Hollis 1994).



Forests used for roosting and nesting often
contain mature or old-growth stands with
complex structure (Skaggs and Raitt 1988,
Ganey and Balda 1989a, 1994; McDonald et al.
1991, Seamans and Gutiérrez, in press). These
forests are typically uneven-aged, multistoried,
and have high canopy closure. Nest trees are
typically large in size (SWCA 1992, Fletcher and
Hollis 1994, Seamans and Gutiérrez, in press),
whereas owls roost in both large and small trees
(Ganey 1988, Rinkevich 1991, Willey 1993,
Zwank et al. 1994, Peter Stacey, Univ. of
Nevada, Reno, pers. comm.). Tree species used
for nesting vary somewhat among areas and
habitat types, but available evidence suggests that
Douglas-fir is the most common species of nest
tree (SWCA 1992, Fletcher and Hollis 1994,
Seamans and Gutiérrez, in press). A wider variety
of trees are used for roosting, but again Douglas-
fir is the most commonly used species (Ganey
1988, Fletcher and Hollis 1994, Zwank et al.
1994, Peter Stacey, Univ. of Nevada, Reno, pers.
comm.).

Several hypotheses have been proposed to
explain why spotted owls nest in closed-canopy
forests (reviewed by Carey 1985, Gutiérrez
1985). Barrows (1981) suggested that spotted
owls are relatively intolerant of high tempera-
tures and roost and nest in shady forests because
they provide favorable microclimatic conditions.
Ganey et al. (1993) observed that Mexican
spotted owls produced more metabolic heat than
great horned owls, and were less able to dissipate
that heat. This may lead these owls to seek out
cool microsites during periods of high ambient
temperature. Mexican spotted owls typically nest
and roost in closed-canopy forests or deep shady
canyons; both situations provide cool microsites
(Kertell 1977, Ganey et al. 1988, Rinkevich
1991, Ganey and Balda 1989a, Willey 1993).

Foraging Habitat

Little is known about patterns of habitat use
by foraging owls. The only available data de-
scribe habitat use by eight owls occupying five
home ranges on three study areas in northern
Arizona (Ganey and Balda 1994). In general,
owls foraged more than or as expected in
unlogged forests, and less than or as expected in
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selectively logged forests. Expected values were
based on relative occurrences of habitats. How-
ever, patterns of habitat use varied among study
areas and individuals, and even between pair
members in some cases, making generalizations
difficult. Both high-use roosting and high-use
foraging sites had more big logs, higher canopy
closure, and greater densities and basal areas of
both trees and snags than random sites. Owls
clearly used a wider variety of forest conditions
for foraging than they used for roosting (Ganey
and Balda 1994). We caution, however, about
extending these results too far given the limited
number of owls sampled, and the variability
observed among owls and sites.

TERRITORIALITY
AND HOME RANGE

Home range is defined as the area used by an
animal during its normal activities (Burt 1943)
whereas zerritory is a defended area within an
individual’s home range (Nice 1941). Territories
are typically smaller than home ranges, but the
exact relationship between the territory and the
home range is generally not known. Fidelity to
territories is apparently high in Mexican spotted
owls, with most owls remaining on the same
territory year after year.

Home-range size of Mexican spotted owls,
as estimated by monitoring movements of
radiotagged owls, appears to vary considerably
among habitats and/or geographic areas (Ganey
and Dick 1995). Differences in sampling meth-
ods among studies make comparisons difficult,
however. Minimum convex polygon home
range estimates of home range-size varied
from (1) 924 - 1,487 ha (2,282 - 3,672 acres)
for individuals (7 = 11) on three study areas in
Colorado Plateau RU (Willey 1993); (2) 2061 -
1,053 ha (645 - 2,601 acres) for individuals
(n = 25) and 381 - 1,551 ha (941 - 3,831 acres)
for pairs (7 = 10) on five study areas in the
Upper Gila Mountains RU (Ganey and Balda
1989b, Ganey and Block, unpublished data,
Peter Stacey, Univ. of Nevada, Reno, pers.
comm.); and (3) 452 - 937 ha (1,116 - 2,314
acres) for individuals (z = 20) and 573 - 1,401
ha (1,415 - 3,461 acres) for pairs (n = 8) on two
study areas in the Basin and Range-East RU



(Zwank et al. 1994, Ganey and Block, unpub-
lished data).

VOCALIZATIONS

The spotted owl, being primarily nocturnal,
is more often heard than seen. It has a wide
repertoire of calls (Forsman et al. 1984, Ganey
1990) that are relatively low-pitched and com-
posed of pure tones (Fitton 1991). Sexes can be
distinguished by calls; males have a deeper voice
than females and generally call more frequently.
The most common vocalization, used more
often by males, is a series of four unevenly-
spaced hoots. Females frequently use a clear
whistle ending with an upward inflection as well
as a series of sharp barks. Forsman et al. (1984)
described 14 calls for the northern spotted owl,
of which 10 were reported by Ganey (1990) for
Arizona birds.

Mexican spotted owls call mainly from
March - November and are relatively silent from
December - February (Ganey 1990). Calling
activity increases from March through May
(although nesting females are largely silent
during April and early May), and then declines
from June through November (Ganey 1990).
On a daily basis, calling activity is greatest
during the 2-hour period following sunset, with
smaller peaks 4-8 hours after sunset and just
before sunrise. Owls called more than expected
during the last quarter and new moon phases of
the lunar cycle; and they called most frequently
on calm, clear nights when no precipication was

falling (Ganey 1990).
INTERSPECIFIC COMPETITION

Several other species of owls occur within the
range of the Mexican spotted owl. Interference
competition, where individuals physically
interfere with each other, probably does not
occur to any great extent between the Mexican
spotted owl and other owl species. However,
exploitative competition, where individuals
compete for similar resources such as prey or
nest sites, may occur. Competition might be
greatest between spotted and great horned owls
because both species are relatively large and
widely distributed. Preliminary data from a
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telemetry study in northern Arizona suggest that
these owls overlap broadly in diet and space, but
exhibit some habitat segregation (Ganey and
Block, unpublished data). If Mexican spotted
and barred owls are sympatric in Mexico, then
competition might also occur between these
closely related species. In general, however, more
research is needed to assess the potential occur-
rence and importance of interspecific competi-
tion between spotted and other owls.

FEEDING HABITS AND PREY
ECOLOGY

Forsman (1976) described spotted owls as
“perch and pounce” predators. They typically
locate prey from an elevated perch by sight or
sound, then pounce on the prey and caprure it
with their talons. Spotted owls have also been
observed capturing flying prey such as birds and
insects (Verner et al. 1992b). They hunt prima-
rily at night (Forsman et al. 1984, Ganey 1988),
although infrequent diurnal foraging has been
documented (Forsman et al. 1984, Laymon
1991, Sovern et al. 1994).

Mexican spotted owls consume a variety of
prey throughout their range but commonly eat
small- and medium-sized rodents such as
woodrats, peromyscid mice, and microtine voles.
Spotted owls also consume bats, birds, reptiles,
and arthropods. The diet varies by geographic
location (Ward and Block 1995; Figure. I1.A.4).
For example, spotted owls dwelling in canyons
of the Colorado Plateau take more woodrats,
and fewer birds, than do spotted owls from other
areas (Ward and Block 1995, Figure. 11.A.4). In
contrast, spotted owls occupying mountain
ranges with forest-meadow interfaces, as found
within the Basin and Range - East, Southern
Rocky Mountains - Colorado, and Upper Gila
Mountains RUs, take more voles (Ward and
Block 1995, Figure. I1.A.4). Regional differences
in the owl’s diet likely reflect geographic varia-
tion in population densities and habirats of both
the prey and the owl.

The Team was unable to link consumption
of specific prey and successful reproduction by
the Mexican spotted owl, with two possible
exceptions. First, fecundity of spotted owls
occupying the Sacramento Mountains (Basin



and Range - East RU) appeared to be associated
with trends in abundance of peromyscid mice
(Ward and Block 1995). Second, the predomi-
nance of woodrats in the diet throughout much
of the owl’s range suggests that this prey may
influence the owl’s fitness. Other studies have
shown positive associations between larger prey
(e.g., woodrats) in the diet of northern and
California spotted owls and their reproductive
success (Barrows 1987, Thrailkill and Bias
1989). In most cases, however, total prey biom-
ass may be more influential on the owl’s fitness
than the abundance of any particular prey
species.

Habitar correlates of the owl’s common prey
emphasize that each prey species uses a unique
microhabitat. For example, deer mice are ubiqui-
tous in distribution, occupying areas with
variable conditions, whereas brush mice are
restricted to communities with a strong oak
component and dry, rocky substrates with sparse
tree cover. Mexican woodrats are typically found
in areas with considerable shrub or understory
tree cover, little herbaceous cover, and high log
volumes. Mexican voles are found in areas with
high herbaceous cover, primarily grasses. Long-
tailed voles are associated with high herbaceous
cover, primarily forbs, many shrubs, and limited
tree cover. Thus, to provide a diverse prey base,
managers should provide diverse habitats for
prey species. Managing habitat for a diversity of
prey species may help buffer against population
fluctuations of individual prey species and
provide a more constant food supply for the owl.

REPRODUCTIVE BIOLOGY

Knowledge of the annual reproductive cycle
of the Mexican spotted owl is important both in
an ecological context, and for placing seasonal
restrictions on management or on other activities
that may occur within areas occupied by spotted
owls. Data on the reproductive cycle of the
Mexican spotted owl are limited compared to
information on the northern and California
subspecies. Therefore, although the following
discussion is based primarily on observations of
the Mexican spotted owl, data from the other
subspecies are provided to fill some information
gaps.
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Mexican spotted owls nest on cliff ledges,
stick nests built by other birds, debris platforms
in trees, and in tree cavities (Johnson and
Johnson 1985, Ganey 1988, SWCA 1992,
Fletcher and Hollis 1994, Seamans and
Gutiérrez, in press). Spotted owls have one of
the lowest clutch sizes among North American
owls (Johnsgard 1988). Females normally lay
one to three eggs, two being most common. Re-
nesting following nest failure is unusual, but has
been observed in Mexican spotted owls (Kroel
1991, David Olson, Humboldt State Univ.,
Arcata, CA, pers. comm.). Mexican spotted owls
breed sporadically and do not nest every year
(Ganey 1988). In good years most of the popu-
lation will nest, whereas in other years only a
small proportion of pairs will nest successfully
(Fletcher and Hollis 1994). Reasons for this
pattern are unknown,

Mexican spotted owls have distinct
annual breeding periods, but reproductive
chronology varies somewhat across the range of
the owl. In Arizona, courtship apparently begins
in March with pairs roosting together during the
day and calling to each other at dusk (Ganey
1988). Eggs are laid in late March or, more
typically, early April. Incubation begins shortly
after the first egg is laid, and is performed
entirely by the female (Ganey 1988). Female
northern spotted owls incubate for approxi-
mately 30 days (Forsman et al. 1984), and
Mexican spotted owls appear to incubate for a
similar period (Ganey 1988). During incubation
and the first half of the brooding period, the
female leaves the nest only to defecate, regurgi-
tate pellets, or to receive prey delivered by the
male, who does most or all of the foraging
(Forsman et al. 1984, Ganey 1988).

The eggs usually hatch in early May (Ganey
1988). Females brood their young almost
constantly for the first couple of weeks after the
eggs hatch but then begin to spend time hunting
at night, leaving the owlets unattended for up to
several hours (Eric Forsman, FS, Corvallis, OR,
pers. comm.). Nestling owls generally fledge four
to five weeks after hatching in early to mid-June
(Ganey 1988). Owlets usually leave the nest
before they can fly, jumping from the nest on to
surrounding tree branches or the ground
(Forsman et al. 1984, Ganey 1988). Owlets that
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end up on the ground will often climb back up a
tree to a safe roost site. The mobility and forag-
ing skills of owlets improve gradually during the
summer. Within a week after leaving the nest,
most owlets can make short, clumsy flights
between trees. Three weeks after leaving the nest,
owlets can hold and tear up prey on their own
(Forsman et al. 1984).

Fledglings depend on their parents for food
during the early portion of the fledgling period.
Hungry owlets give a persistent, raspy “begging
call,” especially when adults appear with food or
call nearby (Forsman et al. 1984, Ganey 1988).
Begging behavior declines in late August, but
may continue at low levels until dispersal occurs,
usually from mid September to early October
(Ganey and Block, unpubl. data, Peter Stacey,
Univ. of Nevada, Reno, pers. comm., David
Willey, Northern Arizona Univ., Flagstaff, pers.

comm.).

MORTALITY FACTORS

Several mortality factors (discussed below)
have been identified as potentially important
with respect to the Mexican spotted owl. Al-
though a number of owls have been recovered
following mortality and examined by both field
biologists and laboratory personnel, in general
lictle is known about the extent or importance of
these mortality factors.

Predation

Predation, particularly by avian predators,
may be a common mortality factor of spotted
owls. Potential avian predators of Mexican
spotted owls include great horned owls, northern
goshawks, red-tailed hawks, and golden eagles.
Some of these predators occupy the same general
habitats as the spotted owl, but there is little
direct evidence that they prey on spotted owls to
any great extent (Gutiérrez et al. 1995). Ganey
(1988) reported one instance of apparent great
horned owl predation on an adult spotted owl,
and Richard Reynolds (FS, Fort Collins, CO.,
pers. comm.) reported a golden eagle preying on
a spotted owl. Preliminary results from radio-
tagged Mexican spotted owls indicate that both
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adults and juveniles are preyed upon (Willey
1993, Ganey and Block, unpubl. data), but in
most cases the identity of the predator was
unknown. Further, in southern Arizona,
procyonid mammals were observed attempting
to raid cliff site nests occupied by spotted owls
(Russell Duncan, Southwestern Field Biologists,
Tucson, AZ, pers. comm.). Thus, the extent to
which Mexican spotted owls are preyed upon is
unknown at this time.

Starvation

Starvation is likely another common source
of mortality. Juvenile northern spotted owls may
be more vulnerable to starvation than adults
(Gutiérrez et al. 1985, Miller 1989), because of
their poor hunting skills. Starvation may also
result from low abundance or availability of prey,
which could affect both adults and juveniles.
Both adult and juvenile owls radio-tagged in
Arizona have been found dead of apparent
starvation (Ganey and Block, unpublished data),
and two of seven radio-tagged juveniles in Utah
died of starvation (Willey 1993). Most instances
of starvation occurred from late fall through
winter, when prey resources were reduced in
abundance and availability (Willey 1993, Block
and Ganey, unpublished data). In addition,
starvation may predispose young or even adults
to predation.

Accidents

Accidents may be another mortality factor.
For example, instances of spotted owls being hit
by cars have been documented (Roger Skaggs,
New Mexico State Univ, Las Cruces, pers.
comm; Russell Duncan, Southwestern Field
Biologists, Tucson, AZ, pers. comm.). Owls
flying at night might also collide wich
powerlines, tree branches, or other obstacles.
This might be particularly true for birds migrat-
ing or dispersing through unfamilar terrain.
Again, little information is available on how
frequently this might occur.



Disease and Parasites

Little is known about how disease and
parasites contribute to mortality of spotted owls.
Hunter et al. (1994) found a larval mite and lice
on 2 of 28 museum specimens of Mexican
spotted owls examined for parasites, and 6 of 18
live owls examined had hippoboscid fly larvae in
their ears. Some of the live owls examined also
had lice. Hunter et al. (1994) reached no conclu-
sions concerning mortality and ectoparasites in
spotted owls, but did suggest that larval infesta-
tions in their ears could affect the owls’ hearing.
Because hearing is important for foraging at
night, such infestations could impact the birds’
ability to hunt effectively.

In general, however, spotted owls may be
adapted to high parasite loads. In a survey of
blood parasites in all three subspecies of spotted
owls, Gutiérrez (1989) found an infection rate of
100 percent. Although disease and parasites
could predispose owls to death by starvation,
predation, or accident, no evidence exists docu-
menting disease and parasites as direct mortality
factors within the Mexican subspecies.

POPULATION BIOLOGY

The Mexican Spotted Owl population for a
specific area can be modeled with the simple
equation

]\[HIZM +Bt _Dt +][ -E ?

‘
where IV is the population size at time #, B_is the
number of new birds recruited into the popula-
tion (births), D_is the number of birds dying,
is the number of birds immigrating into the
population, and £ is the number of birds emi-
grating from the population. The combined
effect of births, deaths, immigrations, and
emigrations dictate the viability of the popula-
tion, and hence its long-term persistence.

Survival

Annual survival rates of adult Mexican
spotted owls is 0.8-0.9 based on short-term
population and radio-tracking studies and

longer-term monitoring studies (White et al.
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1995). These annual survival estimates can be
viewed as the probability of an individual surviv-
ing from one year to the next or as the propor-
tion of individuals that will survive from one
year to the next. A variety of different estimators
of adult survival using different types and sets of
data gave similar results.

Juvenile survival is considerably lower ( 0.06-
0.29) than adult survival. Juvenile survival also
appears more spatially variable, although this
conclusion reflects only two population study
areas and two radio-telemetry studies spanning
two years or less.

We strongly suspect that estimates of juve-
nile survival from the population studies which
utilize mark-recapture methods are biased low
because of (1) a high likelihood of permanent
dispersal (emigration) from the study area, and
(2) a lag of several years before marked juveniles
reappear as territory holders, at which point they
are first detected for recapture. Juvenile northern
spotted owls have a high dispersal capability
(reviewed in Thomas et al. 1990). If Mexican
spotted owl juveniles have a similar dispersal
capability, we expect that a substandial portion of
marked juveniles will emigrate from the respec-
tive study areas. However, estimates from the
radio-telemetry studies roughly corroborated the
low estimates from the population studies. Biases
in the radio-telemetry estimates of juvenile
survival can result if radios significantly affect
their survival. Whether radios or their attach-
ment affect survival of northern spotted owls is
debatable (Paton et al. 1991, Foster et al. 1992).
Concerning the second point, Franklin (1992)
found a lag of 1-4 years between the time when
juvenile northern spotted owls were banded and
subsequently recaptured. If this process is similar
for Mexican spotted owls, then the current
population studies may be of insufficient dura-
tion to adequately estimate juvenile survival.

In summary, current survival estimates are
based primarily on studies of insufficient dura-
tion or studies not explicitly designed to estimate
survival. In most cases, the data are too limited
to support or test the assumptions of the estima-
tors used. However, the age- and sex-specific
estimates of survival calculated here are useful at
this point as qualitative descriptors of the life-
history characteristics of Mexican spotted owls.




That is, Mexican spotted owls exhibit high adulc
and relatively low juvenile survival. In this
respect, Mexican spotted owl survival probabili-
ties appear similar to northern (see review in
Burnham et al. 1994) and California spotted
owls (Noon et al. 1992).

Reproduction

Reproductive output of Mexican spotted
owls, defined as the number of young fledged
per pair, varies both spatially and temporally
(White et al. 1995). Mexican spotted owls may
have a higher average reproductive rate (1.001
fledged young per pair) than the California
(-0.712; Noon et al. 1992) and the northern
spotted owl (~0.715; Thomas et al. 1993). All
three subspecies exhibit temporal fluctuations in
reproduction, although the amplitude of those
fluctuations may be greatest for the Mexican
spotted owl.

Environmental Variation

Environmental conditions greatly affect
reproduction and/or survival of nestlings
through fledging and to adulthood. However,
adult survival rates appear to be relatively con-
stant across years, as suggested by high pair
persistence rates (White et al. 1995). Such life
history characteristics are common for K-
selected species, for which populations remain
relatively stable even though recruitment rates
might be highly variable. With no recruitment,
the population declines at the rate of 1 minus
adult survival, or the adult mortality rate.

Population Trends

We have inadequate data to estimate popula-
tion trends in Mexican spotted owls. We have
lictle confidence in our estimates of population
trend that include estimates of juvenile survival
because these estimates of juvenile survival are
probably biased low. Further, the population
studies from which parameter estimates were
derived have not been conducted for a suffi-
ciently long period to capture temporal varia-
tion. Population trend was also evaluated with
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occupancy data (White et al. 1995), but again is
suspect. Changes in occupancy rate probably
correspond more with how monitoring of owls
was performed rather than reflecting true change
in the owl population. As a complicating factor,
a nonrandom sample of all existing Mexican
spotted owl territories was monitored, thus
limiting possible inferences.

MOVEMENTS

Seasonal Movements

Seasonal movement patterns of Mexican
spotted owls are variable. Some radio-tracked
owls are year-round residents within an area,
some remain in the same general area but show
shifts in habitat-use patterns, and some migrate
considerable distances (20-50 km [12-31 miles])
during the winter (Ganey and Balda 1989b,
Ganey et al. 1992, Willey 1993, Ganey and
Block unpublished data). In general, migrating
owls move to more open habitats at lower
elevations (Ganey et al. 1992, Willey 1993).
Willey (1993), however, observed one owl that
migrated to coniferous forest at a higher eleva-
tion than the owls’ breeding-season range.

Natal Dispersal

Little is known about habitat use by
juveniles during natal dispersal. Seven juveniles
radio-tracked in southern Utah (Willey 1993)
dispersed over distances ranging from 24 to 145
km (15 to 90 miles). These owls apparently
moved through a variety of habitats including
spruce-fir and mixed-conifer forests, pinyon-
juniper woodland, mountain shrublands, desert
scrublands and desert grasslands. Another five
juvenile owls were radio-tagged in the San Mateo
Mountains of New Mexico in 1993 (Peter
Stacey, Univ. of Nevada, Reno, pers. comm.).
Two of these apparently moved to an adjacent
mountain range before their signals were lost. Of
the remaining three, one was relocated the
following year within the San Mateo Mountains.
Fates of the other two juveniles were unknown.



LANDSCAPE PATTERN
AND METAPOPULATION
STRUCTURE

Keitt et al. (1995) examined the spatial
pattern of forest habitat patches across the range
of the Mexican spotted owl. Their objective was
to gauge the extent to which the owl might
behave as a metapopulation in the classical sense
of a set of local populations linked by infrequent
dispersal. Such a finding, if verified, would
suggest that population dynamics of owls in one
local population might be influenced by factors,
including management activities, that affected
nearby populations. Conversely, if local popula-
tions are functionally discrete, then those popu-
lations could be treated separately with some
confidence that actions in one part of the owl’s
range would not greatly affect other populations.

Keitt et al. (1995) concluded that the owl
probably behaves as a classical metapopulation
over much of its range. That is, the level of
habitat connectivity is such that many habitats
are “nearly connected” at distances correspond-
ing to their best empirical estimates of the owl’s
dispersal capability. At this scale, the landscape
consists of a set of large, more-or-less discrete
habitat clusters. For example, most of the
Mogollon Rim functions as a single cluster, the
southern Rockies as another single cluster, and
so on. This suggests that owls could disperse
within habitat clusters with very high probabil-
ity, and disperse between clusters at very low
probability. Thus, we would expect owls to
disperse within clusters most of the time but
between clusters only rarely which is consistent
with the definition of a metapopulation. This
finding suggests that the Plan should incorporate
recommendations that maintain (or increase)
habitat connectivity across the owl’s range.
Habitat connectivity buffers a population from
stochastic variability through time by providing
the opportunity for local population failures to
be “rescued” by immigration from other popula-
tions.

Keitt et al. (1995) also attempted to identify
those habirtat clusters most important to overall
landscape connectivity. They first ranked habi-
tats to emphasize the importance of large patches
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in the landscape, and second, they modified this
approach to emphasize positional effects (i.e.,
small clusters that are important because they act
as “stepping stones” or bridges between larger
habitar clusters).

In the first analysis, the largely contiguous
habitat of the Mogollon Rim emerged as most
important overall, because of its large area. In the
analysis emphasizing cluster position, a few small
clusters emerged as particularly important. These
included several fragments of the Cibola Na-
tional Forest (Mt. Taylor and Zuni Mountains)
that may serve as stepping stones between other,
larger clusters. These small patches may warrant
particular management attention; they may
support few owls but may nevertheless be
important to overall landscape connectivity.

CONCLUSIONS

In many ways, the Mexican spotted owl
appears to be quite similar to both the northern
and California spotted owls with respect to
general behavioral patterns and ecology. For
example, all three subspecies are most common
in forests of complex structure, prey mainly on
nocturnally-active small mammals, and share
similar vocalizations, reproductive chronologies,
and population characteristics. However, impor-
tant differences exist between the Mexican
spotted owl and the other subspecies. The
distributional pattern of the Mexican spotted
owl 1s more disjunct than that of the other
subspecies, with the possible exception of the
California spotted owl population in the moun-
tain ranges of southern California (Noon and
McKelvey 1992). The Mexican subspecies also
appears to use a wider range of habitat types
than the other subspecies. These unique aspects
of the ecology of the Mexican spotted owl
require unique approaches to its management.
For example, threats to owl habitat and manage-
ment proposed to address those threats may well
differ among the diverse habitats occupied by
Mexican spotted owls. In addition, because of
its’ disjunct distributional pattern, dispersal
among subpopulations of Mexican spotted owls
is an important consideration. Thus, habitat
management plans may need to consider not
only areas occupied by owls but also intervening



areas, even where such areas are very different
in habitat structure from those typically
occupied by spotted owls.

We have learned a great deal about the
Mexican spotted owl in the last decade, but
significant information gaps still remain. Most
studies of the owl to date have been descrip-
tive rather than experimental (II1.D). Al-
though we have identified patterns with
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respect to some aspects of the owls” ecology (e.g.
habirart use), cause and effect relationships have
not been documented. Further, many aspects of
spotted owl demography and population struc-
ture remain unclear. These considerations
suggest that much additional research is needed,
and that management recommendations in the
near term must deal with high levels of uncer-
tainty.
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B. RECOVERY UNITS

Sarah E. Rinkevich, Joseph L. Ganey, William H. Moir,
Frank P. Howe, Fernando Clemente, and Juan F. Martinez-Montoya

The Mexican spotted owl inhabits diverse
forest types scattered across an even more physi-
cally diverse landscape. Further, human activities
vary dramatically throughout the owl’s range.
These variations limit our ability to approach a
status assessment on a rangewide basis. Con-
sequently, we divided the range of the owl into
11 geographic areas called “Recovery Units”
(hereafter RUs). Six RUs were recognized within
the United States: Colorado Plateau, Southern
Rocky Mountains - Colorado, Southern Rocky
Mountains - New Mexico, Upper Gila Moun-
tains, Basin and Range - West, and Basin and
Range - East (Figure. 11.B.1). Five RUs were
recognized in Mexico: Sierra Madre Occidental -
Norte, Sierra Madre Oriental - Norte, Sierra
Madre Occidental - Sur, Sierra Madre Oriental -
Sur, and Eje Neovolcanico (Figure. I1.B.2).

UNITED STATES

Recovery Units were identified based on the
following considerations (in order of impor-
tance): (1) physiographic provinces, (2) biotic
regimes, (3) perceived threats to owls or their
habitat, (4) administrative boundaries, and (5)
known patterns of owl distribution. It is impor-
rant to note that owl distributional patterns were
a minor consideration in RU delineation, and
that RUs do not necessarily represent discrete
populations of owls. In fact, movement of
individuals between RUs has been documented
(Ganey and Dick 1995).

Four major physiographic provinces were
used in delineating RUs in the United States: the
Colorado Plateau, Basin and Range, Southern
Rocky Mountains, and Upper Gila Mountains
(Hammond 1965, Wilson 1962, USGS 1970,
Bailey 1980). Biotic regimes were based on
classifications by Bailey (1980) and Brown et al.
(1980). Administrative boundaries were used
where management practices differed between
jurisdictions (e.g., Southern Rocky Mountains
RUs). The following narratives describe domi-
nant physical and biotic characteristics, patterns
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of owl distribution and habitat use, and the
dominant patterns of land ownership and land
use within each RU.

Colorado Plateau

The Colorado Plateau RU (Figure. I1.B.3)
coincides with the Colorado Plateau Physi-
ographic Province (USGS 1970). It includes
most of south-central and southern Utah plus
portions of northern Arizona, northwestern New
Mexico, and southwestern Colorado. Major
landforms include interior basins and high
plateaus dissected by deep canyons, including
the canyons of the Colorado River and its
tributaries (Williams 1986).

Grasslands and shrub-steppes dominate the
Colorado Plateau at lower elevations, but wood-
lands and forests dominate the higher elevations
(Bailey 1980, West 1983). Pinyon pine and
various juniper species comprise the primary tree
types in the woodland zone. A montane zone
extends over areas on the high plateaus and
mountains (Bailey 1980). Forest types in this
zone include ponderosa pine, mixed-conifer, and
spruce-fir. Conifers may extend to lower eleva-
tions in canyons. Deciduous woody species
dominate riparian communities, and are most
common along major streams.

The Mexican spotted owl reaches the north-
western limit of its range in this RU. Owl
habitat appears to be naturally fragmented in
this RU, with most owls found in disjunct
canyon systems or on isolated mountain ranges.
In southern Utah, breeding owls primarily
inhabit deep, steep-walled canyons and hanging
canyons. These canyons are typically surrounded
by terrain that does not appear to support
breeding spotted owls. Owls also apparently
prefer canyon terrain in southwestern Colorado,
particularly in and around Mesa Verde National
Park. In northern Arizona and New Mexico,
owls have been reported in both canyon and
montane situations. Recent records of spotted

owls exist for the Grand Canyon and Kaibab



Figure I1.B.1. Recovery Units within the United States.
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Figure I1.B.2. Recovery Units within the Republic of Mexico.
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Figure [1.B.3. Colorado Plateau Recovery Unit.
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Plateau in Arizona, as well as for the Chuska
Mountains, Black Mesa, Fort Defiance Plateau,
and the Rainbow/Skeleton Plateau on the
Navajo Reservation. In addition, records exist for
the Zuni Mountains and Mount Taylor in New
Mexico.

Federal lands account for 44% of this RU
(Table I1.B.1). Tribal lands collectively total
30%, with the largest single entity being the
Navajo Reservation. Private ownership accounts
for 19%, and State lands just 8%. Most Mexican
spotted owls have been located on NPS lands in
this RU, followed by FS and then BLM lands
(Ward et al. 1995).

Recreation ranks first among land uses in
National Parks within this RU. Activities such as
hiking, camping, hunting, rock climbing, and
mountain biking occur in owl habitat. Many of
these activities plus off-road vehicle recreation
also occur on BLM and FS lands throughout the
Colorado Plateau. Various commercial enter-
prises relevant to industry and agriculture take
place on these lands. Particularly important are
livestock grazing, timber cutting, coal and
uranium mining, oil and natural gas pumping,
and continued exploration for these and other
resources. Access roads, drill pads, pipelines, and
loading and storage areas accompany all of these
activities.

Southern Rocky Mountains - Colorado

This RU (Figure. I1.B.4) falls partly within
the Southern Rocky Mountains Physiographic
Province (USGS 1970) and partly within the
Colorado Plateau Ecoregion (Bailey 1980). The
Colorado - New Mexico state line delimits the
southern boundary of this RU because land-use
practices and potential threats on Federal lands
differ berween these states. High mountain
ranges characterize the RU (Curtis 1960);
dominant ranges include the San Juan Moun-
tains of southwestern Colorado, the Sangre de
Cristo Mountains, and the Front Range.

Vegetation ranges from grasslands at low
elevations through pinyon-juniper woodlands,
interior shrublands, ponderosa pine, mixed-
conifer and spruce-fir forests, to alpine tundra

on the highest peaks (Daubenmire 1943).
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The Mexican spotted owl reaches the north-
eastern limit of its range in this RU. Found
primarily in canyons in this RU, the owls appear
to occupy two disparate canyon habitat types.
The first is sheer, slick-rock canyons containing
widely scattered patches (up to 1 ha in size) of
mature Douglas-fir in or near canyon bottoms or
high on the canyon walls in short, hanging
canyons. The second consists of steep canyons
containing exposed bedrock cliffs either close to
the canyon floor or, more typically, several tiers
of exposed rock at various heights on the canyon
walls (Reynolds 1993). Mature Douglas-fir,
white fir, and ponderosa pine dominate canyon
bottoms and both north- and east-facing slopes.
Ponderosa pine grows on the more xeric south-
and west-facing slopes, with pinyon-juniper
growing on the mesa tops.

Federal lands encompass 55% of the RU,
with the majority administered by the FS,
followed by the BLM and NPS (Table ILB.1).
Approximately 40% of the land is privately
owned, 3% is State administrated, and <1% is
Tribal land. Owls have been located on ES,
BLM, NPS, and Tribal lands (Ward et al. 1995).

Land-use practices throughout the RU
include timber cutting, grazing, mining, oil and
natural gas pumping, plus all the associated
facilities development such as access roads,
pipelines, and staging and storage areas. Recre-
ational activities include downhill and cross-
country skiing, off-road driving, rock climbing,
backpacking, camping, hiking, and mountain
biking. Road, water, and urban development
may also affect spotted owl habitat in this RU.

Southern Rocky Mountains
- New Mexico

This RU (Figure. I1.B.5) coincides with the
Southern Rocky Mountains Physiographic
Province (USGS 1970) and the Rocky Mountain
Forest Province (Bailey 1980). The landscape
includes a system of high ranges separated by
deep structural basins of the northern Rio
Grande rift (Williams 1986). Major ranges
include the Sangre de Cristo and Jemez Moun-
tains.
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Table I1.B.1. Land ownership patterns (thousands of hectares) in Recovery Units (RU) within the United States.

LLAND STATUS CPp! SRM-CO? SRM-NM3 UGM* BR-W?° BR-E¢
Federal Lands
ES 2,503 5,546 1,220 3,520 2,238 495
BILM 7,672 2,227 520 145 3,359 1,829
NPS 1,678 140 14 17 172 59
Total Federal 11,853 7,913 1,754 3,682 5,769 2,383
State Lands
AZ 957 0 0 20 2,905 0
NM 300 0 200 192 84 856
UT 862 0 0 0 0 0
CO 11 454 0 0 0 0
Total State 2,129 454 200 212 2,989 856
Tribal Lands 8,026 85 463 941 1,922 382
Private Lands 5,013 5,717 2,141 3,520 3,712 2,586
Other Lands’ 16 105 24 70 1,759 1,101
TOTAL 27,037 14,274 4,582 8,425 16,151 7,308

Colorado Plateau RU

Southern Rocky Mountain - Colorado RU

Southern Rocky Mountain - New Mexico RU

Upper Gila Mountains RU

Basin and Range - West RU

Basin and Range - East RU

Other Lands include U.S. Department of Defense, Bureau of Reclamation, U.S. Fish and Wildlife Service Refuge Lands, etc.

NS W b W e
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Figure 11.B.4. Southern Rocky Mountains - Colorado Recovery Unit.
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Figure 11 .B.5] Southern Rocky Mountains - New Mexico Recovery Unit.
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Vegetation within the unit has been modified
by past logging, grazing, surface mining,
fuelwood gathering, and fire suppression (Will-
jams 1986, Van Hooser et al. 1993). Ponderosa
pine, mixed-conifer, and spruce-fir forests are
widespread at higher elevations. Juniper savanna
and montane grasslands dominate lower eleva-
tions (Brown et al. 1980). In some areas, mesa
tops dominated by ponderosa pine and juniper
are dissected by steep canyons. Vegetation on
canyon slopes and bottoms includes a variety of
coniferous and deciduous trees.

In general, owls inhabit steep terrain and
canyons in this RU. They typically occur in
mixed-conifer forests on steep slopes in the
Sangre de Cristo Mountains, and in the Jemez
Mountains they occupy canyons incised into
volcanic rock. Patches of mixed-conifer forest
which appear to contain attributes of owl habitat
exist throughout northern New Mexico.

Privately owned lands comprise 47% of the
total land within this RU (Table I1.B.1). Federal
lands account for 38%, numerous Pueblos and
Tribal lands 10%, and State-administered lands
4%. Mexican spotted owls have been found
primarily on FS lands, with several records in
Bandelier National Monument as well (Johnson
and Johnson 1985:5).

Dominant land-use practices within this RU
include timber cutting and livestock grazing.
Products such as vigas (small- to medium-
diameter trees, generally 30-35cm dbh, used for
traditional southwest ceiling beams), latillas
(small-diameter trees, generally 10cm dbh apsen
saplings, used for decorative southwest ceilings
or fences), and fuelwood are harvested for
personal use. Recreational activities in northern
New Mexico include skiing, off-road driving,
hiking, camping, and hunting. Other land uses
include oil, natural gas, and mineral develop-
ment, and pipeline corridors.

Upper Gila Mountains

The Upper Gila Mountains RU (Figure.
11.B.6) is based on the Upper Gila Mountains
Forest Province (Bailey 1980). Williams (1986)
refers to this area as the Datil-Mogollon Section,
part of a physiographic subdivision transitional
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between the Basin and Range and Colorado
Plateau Provinces. This complex area consists
of steep mountains and deep entrenched river
drainages dissecting high plateaus. The
Mogollon Rim, a prominent fault scarp, bisects
the unit.

McLaughlin (1986) described a “Mogollon”
floral element in this region. The vegetation is a
zonal pattern of grasslands at lower elevations
upward through pinyon-juniper woodlands,
ponderosa pine, mixed-conifer, and spruce-fir
forests at higher elevations. Many canyons
contain stringers of deciduous riparian forests,
particularly at low and middle elevations. This
unit contains the largest contiguous ponderosa
pine forest in North American, an unbroken
band of forest 25 to 40 miles wide and approxi-
mately 300 miles long extending from north-
central Arizona to west-central New Mexico
(Cooper 1960).

Mexican spotted owls are widely distributed
and use a variety of habirtats within the Upper
Gila Mountains RU. Owls are most common in
mixed-conifer forests dominated by Douglas-fir
and/or white fir and canyons with varying
degrees of forest cover (Ganey and Balda 1989a,
Ganey and Dick 1995). Owls also occur in
ponderosa pine-Gambel oak forest, where they
are typically found in stands containing well-
developed understories of Gambel oak.

Federal lands, mostly FS, encompass 44% of
this RU (Table I1.B.1). Tribal lands account for
11%, privately owned lands 42%, and State
lands 3%. The greatest concentration of the
known Mexican spotted owl population occurs
within this RU, and most known owl locations
occur on ES and Tribal lands (Ward et al. 1995).
Many spotted owls are found within wilderness
areas in this RU with the Gila Wilderness
supporting the largest known wilderness popula-
tion.

The major land use within this RU is timber
harvest. All of the National Forests as well as the
Fort Apache and San Carlos Indian Reservations
have active timber management programs.
Fuelwood harvest, including both personal and
commercial harvest, occurs across much of this
unit. Livestock grazing is ubiquitous on FS lands
and widespread over large portions of the Fort
Apache and San Carlos Indian Reservations. In
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Figure 11.B.6. Upper Gila Mountains Recovery Unit.
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addition, recreational activities such as hiking,
camping, and hunting attract many people to
this RU.

Basin and Range - West

The Basin and Range Area Province (USGS
1970, Bailey 1980) provided the basis for two
RUs (Figure. I1.B.7). We subdivided the Basin
and Range area into eastern and western units
using the Continental Divide as the partition
between these units. The division was based on
differences in climatic and floristic characteristics
between these areas. The Basin and Range - West
flora is dominated by Madrean elements while
the Basin and Range - East unit shows more
Rocky Mountain affinities (Brown et al. 1980).

Geologically, the Basin and Range - West
RU exhibits horst and graben faulting (Wilson
1962) with numerous fault-block mountains
separated by valleys. Complex faulting and
canyon carving define the physical landscape
within these mountains. These ranges include,
but are not limited to, the Chiricahua,
Huachuca, Pinaleno, Bradshaw, Pinal, Santa
Caralina, Santa Rira, Patagonia, Santa Teresa,
Atascosa, Mule, Dragoon, Peloncillo, Mazatzal,
and Rincon Mountains.

Vegetation ranges from desert scrubland and
semi-desert grassland in the valleys upwards to
montane forests. Montane vegetation includes
interior chaparral, encinal woodlands, and
Madrean pine-oak woodlands at low and middle
elevations, with ponderosa pine, mixed-conifer,
and spruce-fir forests at higher elevations (Brown
et al. 1980). Isolated mountain ranges are
surrounded by Sonoran and Chihuahuan desert
basins.

Mexican spotted owls occupy a wide range of
habitat types within this RU. The majority of
owls occur in isolated mountain ranges where
they inhabit encinal oak woodlands, mixed-
conifer and pine-oak forests, and rocky canyons
(Ganey and Balda 1989a, Duncan and Taiz
1992, Ganey et al. 1992).

Federal lands encompass 36% of this RU,
mostly administered by the BLM followed by
the FS and a small portion by the NPS (Table
I1.B.1). Privately owned lands amount to 22%,
State lands 19%, Tribal lands (San Carlos
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Apache Reservation) 12%, and DOD lands
11%. Within this RU the Mexican spotted

owl occupies primarily FS lands, and the major-
ity occur within the Coronado National Forest.
DOD lands also support the owl on Fort
Huachuca Army Base in the Huachuca
Mountains.

Recreation dominates land use within this
unit. Activities such as hiking, birdwatching,
camping, off-road driving, skiing, and hunting
are particularly popular. Livestock grazing is
widespread but most intensive at low and middle
clevations. Urban and rural development and
mining modify portions of the Basin and Range
- West landscape. Timber harvest occurs mainly
on the Prescott National Forest and the San
Carlos Apache Indian Reservation. According to
the Coronado National Forest Land Manage-
ment Plan, timber cutting is used sparingly to
enhance wildlife and recreational values. Military
training maneuvers take place in and around
Mexican spotted owl habitat on Forc Huachuca
Army Base.

Basin and Range - East

We delincated the Basin and Range - East
RU (Figure. I1.B.8) based on the Basin and
Range Area Province (USGS 1970) and the
Desert and Steppic Ecoregions (Bailey 1980).
This RU is characterized by numerous parallel
mountain ranges separated by alluvial valleys and
broad, flat basins. Williams (1986) refers to the
Rio Grande Rift as the separation between the
Basin and Range physiographic province and the
Colorado Plateau and Upper Gila Mountains
physiographic provinces. The climate features
mild winters, as indicated by the presence of
broad-leaved evergreen plants at relatively high
elevations (USDA 1991).

Regional vegetation ranges from Chihua-
huan desert scrubland and Great Basin grass-
lands at low elevations, through Great Basin
woodland (pinyon-juniper) at middle elevations
to petran montane coniferous forests at high
elevations (Brown et al. 1980). Montane habitat
includes ponderosa pine, mixed-conifer, and
spruce-fir forests and is patchily distributed
throughout the higher mountain ranges. Cot-
tonwood bosques as well as other riparian
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Figure I1.B.7. asin and Range - West Recovery Unit.
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vegetation exist along the Rio Grande corridor.
Montane and especially riparian communities
have been altered considerably by human activi-
ties.

Mexican spotted owls occur in the isolated
mountain ranges scattered across this RU. They
are most common in mixed-conifer forest but
are also found in ponderosa pine forest and
pinyon-juniper woodland (Skaggs and Raitt
1988). The owl has been found within mixed-
conifer canyon habitat in the Guadalupe Moun-
tains (McDonald et al. 1991).

Of the Basin and Range - East RU land area,
private lands encompass 35%, Federal lands
48%, State lands 12%, and Tribal lands 5%
(Table I1.B.1). The Mescalero Apache Indian
Reservation comprises the largest portion of the
Tribal lands. The majority of known Mexican
spotted owls are located on FS lands, with some
found on NPS and Tribal lands.

Dominant land uses within this RU include
timber management and livestock grazing.
Recreational activities such as off-road driving,
skiing, hiking, camping, and hunting are also
locally common within the RU.

MEXICO

Conserving its natural resources has been a
significant challenge for Mexico. To meet the
challenge, the National System of Protected
Areas was formed; in March of 1988, the Gen-
eral Law of Ecological Balance and Environmen-
tal Protection was implemented. A total of 5,992
km? (almost 600,000 ha) has been decreed as
Protected Nartural Areas within the RUs. This
expanse has been classified into nine categories
according to the management objectives and the
legal uses of particular areas. The categories
include: (1) Biosphere Reserves, (2) Special
Biosphere Reserves, (3) National Parks, (4)
National Monuments, (5) National Marine
Parks, (6) Areas of Protection of Natural Re-
sources, (7) Areas of Protection of Land and
Aquatic Wildlife, (8) Urban Parks, and (9) Areas
Subject to Ecological Conservation. Overall,
there are three types of land tenancy exist in
Mexico: (1) Federal lands, which include
different institutions of the Federal Government
such as Protected Natural Areas; (2) ejidal land,
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which includes land allotted by the Mexican
Government to a person or community, for
agriculture, forestry, mining, or other uses; and
(3) private land.

The five RUs in Mexico include Sierra
Madre Occidental - Norte, Sierra Madre Orien-
tal - Norte, Sierra Madre Occidental -Sur, Sierra
Madre Oriental - Sur, and Eje Neovolcanico
(Figure. I1.B.2). Three major physiographic
provinces were used in the delineation: Sierra
Madre Occidental, Sierra Madre Oriental, and
Sistema Volcanico Transversal (Cuanalo et al.
1989). Criteria used to delineate RUs in Mexico
were similar to that used to conform the RUs in
the United States. These criteria, listed in order
of importance, were: (1) distribution of the
spotted owl, (2) local vegetation, (3) physi-
ographic features, (4) administrative boundaries,
and (5) potential threats to the conservation of
the owl and its habirtat.

Owl distribution is disjunct across Mexico.
Williams and Skaggs (1993) report spotted owls
at 53 locations in 11 mainland Mexican States.
Although vegetation types differ throughout
each RU, oak and pine-oak forest types appeared
to be commonly associated with owl habitat in
most or all RUs. These oak species included
Quercus resinosa, Q. gentryi, Q. eduardii, Q.
grisea, Q. chibuabuensis, Q. potosina/Q. laeta, and
Q. coccolobifolia. Further, Pinus teocote was the
most common pine occurring on upper mesas
and occasionally on north-facing slopes in some
areas where owls were found. Land uses within
all RUs include timber cutting, cattle and sheep
grazing, fuelwood gathering, and clearing for-
ested areas for agriculture. Although, these land
uses are practiced in different amounts through-
out each RU, the majority occur within ejidos.
The following narratives describe dominant
physical and biotic attributes, distribution of
owls, and land administration and ownership
of each unit.

Sierra Madre Occidental - Norte

Covering an enormous area, the Sierra
Madre Occidental - Norte includes parts of the
States of Chihuahua, Sinaloa, Durango, and
Sonora. In general, this area is characterized by
isolated mountain ranges surrounded by both



narrow and wide valleys. Vegetation communi-
ties consist of pine-oak forest, tropical deciduous
forest, oak forest, microphyll shrub, and grass-
land.

Mexican spotted owls have been reported in
the northern and western portions of this RU. A
recent study in Sonora found 12 sites in isolated
mountain ranges (Cirett-Galan and Diaz 1993).
The owls occupied canyons and slopes with
various exposures, and most were found in pine-
oak forest. In portions of Chihuahua, 25 owls
were located at 13 different localities in several
mountain ranges (Tarango et al. 1994). Most
owls were found in small, isolated patches of
pine-oak forest in canyons.

Records for the State of Sinaloa are limited.
There are at least two records from the high
Rancho Liebre Barranca, near the Sinaloa-
Durango State line (Williams and Skaggs 1993).
These sites were described as deep canyons
containing pine-oak and subtropical vegetation
(Alden 1969).

Private lands comprise 74%, ejidos 25%, and
Federal lands 1% of the total land within this
RU (Table 11.B.2). Chihuahua has two National
Parks: Cascadas de Bassaseachic, and Cumbres
de Majalca. This RU also includes La Michilia
Biosphere Reserve, located in Durango. Bio-
sphere Reserves are protected areas with
relatively unaltered landscapes and contain
endemic, threatened, or endangered species.
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Sierra Madre Oriental - Norte

The Sierra Madre Oriental - Norte includes
the central portion of the State of Coahuila. This
area is characterized by broad mountain ranges
surrounded by valleys. Vegetation consists of
grasslands, mesquite woodland, dwarf oak
groves, submontane shrubland, desert shrubland,
crasicaule shrub, and pine-oak and oak forests.

Two owl records are reported for this RU. At
one of these sites an owl was observed roosting
in a canyon bottom under a dense canopy of
maples and oaks. Vegetation in the other canyon
was described as “garden-like,” containing pines,
oaks, and madrones (Williams and Skaggs
1993).

Lands in this RU are almost entirely pri-
vately owned (Table I1.B.2). Private lands en-
compass over 99% and ¢jidos comprise < 1% of
the total land area. No Protected Natural Areas
of any category exist in this RU.

Sierra Madre Occidental - Sur

The Sierra Madre Occidental - Sur RU
includes parts of the States of Durango,
Zacatecas, San Luis Potosi, Aguascalientes,
Jalisco, Nayarit, Queretaro, and Guanajuato. In
general, this area is characterized by isolated

Table I1.B.2. Land ownership patterns (thousands of hectares) in Recovery Units within Mexico.

Land Ownership SMOcN! SMOrN? SMOcS? SMOrS* ENV?
Ejidos® 4,783 28 1,220 235 441
PNAs’ 46 0 38 250 274
Private 14,100 7,506 2,075 1,630 5,306
Total 18,929 7,534 3,333 2,115 6,021

Sierra Madre Occidental - Norte RU
Sierra Madre Oriental - Norte RU
Sierra Madre Occidental - Sur RU
Sierra Madre Oriental - Sur RU

Eje Neovolcanico RU

[ e S

used for agriculture, forestry, mining, etc.
Protected Nactural Areas
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mountains, valleys, and severely dissected can-
yons and gorges. Vegetation includes mesquite
woodland, submontane shrub, grasslands, pine-
oak forest, crasicaule shrub, low tropical decidu-
ous forest, and desert shrubland.

Records exist for owls in La Michilia Bio-
sphere Reserve. In addition, Mexican spotted
owls have recently been found in Aguascalientes
near the border of Zacatecas, in the Sierra Fria
(Williams and Skaggs 1993). Owl records also
exist within Guanajuato State.

Private lands comprise 62%, ejidos 37%, and
Federal lands 1% of this RU (Table I1.B.2).
Federal lands include two National Parks: El
Climatario in Queretaro State, and Gogorron in
the State of San Luis Potosi. In addition, this RU
includes Mariposa Monarca Sanctuary, a Special
Biosphere Reserve. The Special Biosphere
Reserves have one or more ecosystems, are
relatively unaltered by anthropogenic activities,
and contain endemic, threatened, or endangered
species.

Sierra Madre Oriental - Sur

The Sierra Madre Oriental - Sur includes
parts of the States of Coahuila, Nuevo Leon, and
Tamaulipas. This RU is characterized by long
ridges with sharp pinnacles, narrow valleys, and a
few plateaus. Vegetation consists of pine forest,
submontane shrublands, dwarf oak, and desert
rosetofilo shrublands.

Mexican spotted owls have been found in
the southern portions of Coahuila (Williams and
Skaggs 1993) and in Tamaulipas (Ward et al.
1995). The owls were found in oak, pine,
juniper, and mixed-conifer forests. They were
reported to use cliff sites for nesting and roost-
ing.

Five locations have been reported in Nuevo
Leon. These sites were described as pine-oak and
mixed-conifer forests with large cliffs having
northeast exposures.
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This RU is comprised of 77% private prop-
erty, 12% Federal lands, and 11% ejidos (Table
I[1.B.2). The Federal lands include one National
Park, Cumbres de Monterrey in Nuevo Leon.
Natural Monument Cerro de la Silla, in Nuevo
Leon, is also within this RU. Natural Monu-
ments possess one or more elements of national
significance. These elements may be sites or
natural objects that have been placed under
absolute protection because of their unique and
exceptional makeup, aesthetic interest, and/or
historical or scientific value.

Eje Neovolvanico

The Fje Neovolcanico RU covers portions
of many States including Jalisco, Michoacan,
Guanajuato, Queretaro, Hidalgo, Mexico,
Guerrero, Puebla, Morelaos, Tlaxcala Veracruz,
and Oaxaca. This RU is characterized by volca-
nic cones severely dissected by ravines. The
area also includes rounded hills, slopes, and
plateaus. Vegetation communities include pine-
oak forest, grassland, low tropical deciduous
forest, crasicaule shrub, oak forest, juniper forest,
pine forest, mesquite woodlands, and desert
shrublands.

Mexican spotted owls have been reported in
Jalisco on the volcano of Cerro Nevado de
Colima (Voacan de Nieve). Vegetation in this
area consists of pine-oak forest. One Mexican
spotted owl was collected near the city of
Uruapan in the State of Michoacan at Cerro de
Tancitaro. However, this area is now urbanized
and no longer contains owl habitat. Although
other stares in this RU appear to contain suitable
owl habitat, Jalisco is the only State known to
have recent records of spotted owls.

This unit is comprised of 88% private lands,
5% Federal lands, and 7% cjidos (Table I1.B.2).
This RU includes 19 National Parks, 1 Special
Biosphere Reserve, and 1 Area of Protection of

Land and Aquatic Wildlife.
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C. DEFINITIONS OF FOREST COVER TYPES
James L. Dick, Jr., Joseph L. Ganey, and William H. Moir

This Recovery Plan proposes specific
guidelines for several forest cover types, includ-
ing mixed-conifer, pine-oak, and riparian forests
(II1.B). This is based on: (1) considerable evi-
dence that these cover types are of specific
importance to the Mexican spotted owl in terms
of providing habitat for nesting, roosting, and
foraging activities (Ganey and Dick 1995); and
(2) the Team’s desire to target guidelines for the
most appropriate habitats and avoid imposing
restrictions where specific guidelines to protect
spotted owl habitat are unwarranted.

Numerous treatments deal with the concepts
of classifying vegetation to cover or habitat types
(e.g., Daubenmire 1952, 1968, Pfister 1989).
These concepts will not be reviewed in any
depth here. In general, we accept the view that
the basic unit of classification of climax vegeta-
tion is the plant association (Kiichler 1964,
Daubenmire 1968, Pfister 1989). These associa-
tions are defined using information on present
species composition and successional pathways.
The problem with applying guidelines to plant
associations is that many forests in the southwest
may and should not be in or even near a climax
condition because of the frequency and intensity
of disturbance events in these forests. For ex-
ample, in an analysis of Mexican spotted owl
habitat on the Alpine Ranger District, Apache-
Sitgreaves National Forest, the Team determined
that habitat classifications based on current and
climax vegetation gave very different results.
Based on current vegetation, important roosting
and nesting habitat typed out as mixed-conifer
forest, whereas a classification based on potential
natural vegetation (PNV) typed many of these
areas as spruce-fir forest. This points out the
need for clear, operational definitions of cover
types to be used when applying guidelines under
this Plan.

In this section, we first review some of the
relevant literature on forest cover types in the
southwest, and then provide operational defini-
tions and a simple key that should allow land
managers to classify lands in a manner compat-
ible with the recommendations provided in this
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Plan. Our intent is not to provide a comprehen-
sive classification scheme here or to supplant
extant classification schemes. Rather, our intent
is to provide guidance to land managers charged
with applying Recovery Plan guidelines and to
facilitate uniform application of guidelines across
administrative boundaries.

LITERATURE REVIEW

Extensive literature exists on both vegetation
classification in general and on classification
systems for southwestern forests. Our intent is
not to review that literature exhaustively, but to
present an overview of some classification
systems currently in use. This information will
provide the background for discussion of forest
type definitions relevant to this Plan.

Soil temperature (STR) and moisture (SMR)
regimes provide one possible approach to classi-
fying forest types. STR and SMR may be used to
conceptualize three major groups of cover types
in the southwestern United States. Ponderosa
pine forests typically occur where the STR is
frigid or (in southern Arizona and southwestern
New Mexico) mesic and where the SMR is ustic.
Spruce-fir forests everywhere occur on soils of
cryic SMR, whereas mixed-conifer forests are
uniquely udic and frigid in their SMR and STR,
respectively. The implication is that these soil
parameters partition the soil environment into
three mutually exclusive but all encompassing
classes (USDA 1991). These classes are generally
consistent with the three major forest type
groups mentioned.

Most vegetation-classification schemes,
however, are based on either exisiting vegetation
or on a combination of existing vegetation and
knowledge of successional potential (Layser and
Schubert 1979). Eyre (1980) discussed the
practice of defining forest cover types on the
basis of “present occupancy of an area by tree
species.” He further described the practice of
naming forest types after the dominant tree
species. Dominance was determined by relative
proportions of basal area, and the type name was



usually confined to one or two species. An added
requirement was that a species must contribute
at least 20% of the toral basal area to be used in
the type name.

Numerous authors have expanded on this
approach, and developed and refined classifica-
tion systems for southwestern forests based not
only on existing vegetation but also on estimated
site potential. These treatments are discussed
below.

Ponderosa Pine

The ponderosa pine forest type occurs in
what Moir (1993) described as the Lower Mon-
tane Coniferous Forest. Forests in this zone are
dominated by pines, sometimes co-occurring
with junipers and oaks. The climate is sometimes
borderline for forests, with moisture becoming
limiting in the upper portions of the soil profile
during part of the long growing season. Moir
(1993) included the following series in this
general forest type: Ponderosa pine - Gambel
oak, Ponderosa pine - silverleaf oak, Ponderosa
pine - pinyon pine - Gambel oak, Ponderosa
pine - pinyon pine - gray oak, and Chihuahua
pine.

Layser and Schubert (1979) described the
Ponderosa Pine Series as being generally domi-
nated by the Rocky Mountain variety of ponde-
rosa pine (var. scopulorum), except in southeast-
ern Arizona, where Pinus pondemsa var. arizonica
dominates. This series occurs in areas that are
generally too warm or too dry for Douglas-fir
and/or true firs. Gambel oak is often a long-lived
seral species. The Ponderosa Pine Series in the
southwest is generally more complex than that
described for the northern Rocky Mountains,
because of the additional associated tree species
and the presence of two varieties of ponderosa
pine (Layser and Schubert 1979). Hanks et al.
(1983), Alexander et al. (1984a), Alexander and
Ronco (1987), DeVelice et al. (1986), and
Fitzhugh et al. (1987) provide further discussion
of the Ponderosa Pine Series and associated
habitat types and phases in the southwestern
United States.
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Mixed-Conifer

Mixed-conifer forests in the southwestern
United States generally approximate to the
Upper Montane Coniferous Forest discussed by
Moir (1993). Mixed-conifer forests are most
common between approximately 2,440 and
3,050 m (8,000-10,000 feet) in elevation, but
may occur higher or lower depending on topog-
raphy and aspect. In particular, mixed-conifer
forest may extend to lower elevations in canyon
systems and cold-air drainages.

Southwestern mixed-conifer forests are
among the most complex forest types known,
exhibiting great variation in tree composition
(USDA 1983). Overstory species in these forests
include Rocky Mountain Douglas-fir, white fir,
Rocky Mountain ponderosa pine, quaking
aspen, southwestern white pine, limber pine,
and blue spruce. Forests in any successional stage
may be mixed-conifer if tree regeneration indi-
cates any of the above tree species will assume
dominance in time. Some stands may consist of
only two species, whereas others may contain as
many as eight associates (USDA 1983). Gambel
oak and/or silverleaf oak may share overstory or
understory dominance with the conifers in
mixed-conifer forests. Again, one of the key
attributes of southwestern mixed-conifer is its
inherent variability and diversity.

At the warm/dry end of the environmental
continuum, mixed-conifer forest typically
intergrades with ponderosa pine forest. Where
Douglas-fir, white fir, or blue spruce, either
singly or in combination, constitute less than
5% cover or are considered “accidental” in late
successional stands, these stands are not included
in the mixed-conifer forest classification.

At the cold/wet end of the environmental
continuum, mixed-conifer forest typically
intergrades with subalpine spruce-fir forest.
Where corkbark fir (Abies lasiocarpa var.
arizonica), subalpine fir (A. lasiocarpa var.
lasiocarpa), or Englemann spruce, either singly
or in common, constitute more than 5% of the
cover or are not considered “accidental,” the
forest is subalpine and no longer considered
mixed-conifer.

In addition to this general description,
numerous authors have discussed aspects of



southwestern mixed-conifer forests or classifica-
tion of southwestern forests. Pearson (1931)
described a “Douglas-fir Zone.” He stated that
although Douglas-fir is generally regarded as the
characteristic tree of this type, it rarely occurs in
pure stands. Instead, it commonly occurs in
stands with white fir, limber or Mexican white
pine, and blue spruce. Western yellow pine (e.g.,
ponderosa pine) is common in the lower portion
of the type, and Engelmann spruce is common
in the upper portion. Quaking aspen is common
throughout the type.

Choate (1966) also described Douglas-fir
forests in New Mexico as seldom growing in
pure stands. He also stated that it mixes with
ponderosa pine at lower elevations and with true
firs and spruce at the upper limits. White fir and
quaking aspen are common associates through-
out the Douglas-fir type.

USDA (1992) described old-growth at-
tributes by cover types, including a “mixed-
species group” Forest Cover Type, which in-
cluded the Douglas-fir, white fir, blue spruce,
and limber pine forest cover types. They de-
scribed these mixed-species stands as having a
rich diversity of vegetation, typically including at
least three tree species.

Moir (1993) described mixed-conifer forests
as upper montane coniferous forests featuring
Douglas-fir, white fir, several tall pine species,
blue spruce, and quaking aspen. He included the
following series in this general forest type: Blue
Spruce, White fir - Douglas-fir, Douglas-fir -
Southwestern White Pine, White Fir - Douglas-
fir - Ponderosa Pine, Douglas-fir - Limber Pine -
Bristlecone Pine, Douglas-fir - Gambel Oak, and
Douglas-fir - Silverleaf Oak. These forests are
very productive because of ample precipitation
and soils that are well watered throughout the
long growing season.

Fletcher and Hollis (1994) described mixed-
conifer forest cover types as those dominated by
Douglas-fir and/or white fir, usually containing
varying amounts of ponderosa pine, southwest-
ern white pine, and/or limber pine. Hardwood
species, including rocky mountain maple (Acer
glabrum), boxelder (A. negundo), bigtooth maple
(A. grandidentatum), Gambel oak, quaking
aspen, and other hardwood species may also be
present. Douglas-fir and/or white fir typically
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comprise at least 40 percent and hardwood
species less than 40 percent of the stand basal
area. Conifers typical of higher elevations, such
as Engelmann spruce, blue spruce, and/or sub-
alpine fir may occur as “accidentals,” or provide
less than about 5% cover in late successional
stands.

Layser and Schubert (1979), Moir and
Ludwig (1979), Alexander et al. (1984a, b),
Alexander and Ronco (1987), Youngblood and
Mauk (1985), DeVelice et al. (1986), and
Fitzhugh et al. (1987) all discussed classification
of forest types in general or mixed-conifer forest
types in particular in the southwestern United
States. These treatments vary somewhat, possibly
because of regional differences in forest types. A
general consensus, however, indicates that
mixed-conifer forest types generally fall in the
following four series: Abies concolor, Psuedotsuga
menziesii, Pinus flexilis, or Picea pungens.

Spruce-Fir

Spruce-fir forests in the southwestern United
States generally coincide with the Subalpine
Coniferous Forest discussed by Moir (1993).
These are high-elevation forests occurring on
cold sites. They have short growing seasons,
heavy snow accumulations, and strong ecological
and floristic affinities to cold forests of higher
Jatitudes. Dominant trees include Engelmann
spruce, subalpine and/or corkbark fir, or some-
times bristlecone pine. Moir and Ludwig (1979)
included the Picea engelmannii and Abies
lasiocarpa Series in the general spruce-fir forest
type. Moir (1993) included the following series
in this general forest group: Bristlecone pine,
Engelmann spruce - bristlecone pine, corkbark
fir - Engelmann spruce, Corkbark fir - Engel-
mann spruce - white fir, Engelmann spruce -
Douglas-fir, and Engelmann spruce - limber
pine.

Other Forest Types of Interest

Chihuahua Pine

The Pinus leiophylla Series is described by
Layser and Schubert (1979). This series typically



contains a diverse mixture of conifers and
evergreen oaks. The conifer component is
extensive enough to characterize this series as
forest rather than woodland. Dominant conifers
are typically Chihuahua pine, Apache pine, and
P, ponderosa var. arigonica (Layser and Schubert
1979). This series is Madrean in affinity and,
within the U.S., is restricted to central and
southern Arizona and southwestern New Mexico
(Brown et al. 1980). Moir (1993) included this
type in the Lower Montane Coniferous Forest

group.
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Three terms used in our definitions require
clarification here. These are “pure,” “majority,”
and “plurality.” Various definitions exist to
describe what constitutes a pure stand. Daniel et
al. (1979) described pure stands as those where
>90% of the dominant or codominant trees are
of a single species. A stand may have an under-
story of other species without changing the pure
designation. The key to this concept is the
distinction between the dominant and codomi-
nant species and the understory component. In
contrast, Eyre (1980) defined a pure stand as one
where >80% of the stocking is by one species.

Quaking Aspen

Quaking aspen is a special feature of western

For purposes of this plan, we use the term
pure to refer to any stand where a single species
contributes >80% of the basal area of dominant

landscapes. It is a major seral species in the
following series; Abies lasiocarpa, Picea pungens,
and Abies concolor. It is a minor seral species in

and codominant trees. We use the term majority
to refer to the situation where a single species
contributes >50% of the basal area (Eyre 1980).

the Picea engelmannii, Pseudotsuga menziesiz, and
Pinus ponderosa Series (Larson and Moir 1980).
As such, quaking aspen should be a common
component of these landscapes under natural
disturbance regimes.

Riparian Forests

Numerous authors have discussed classifica-
tion and ecology of riparian forests in the south-
western United States (e.g., Pase and Layser
1977, Layser and Schubert 1979, Brown et al.
1980, Medina 1986, Szaro 1989). In general,
southwestern riparian forests are dominated by
various species of broadleaved deciduous trees
and shrubs. Trees common in adjacent uplands,
such as conifers, oaks, and quaking aspen, may
occur in association with riparian trees, but
generally do not dominate the site (Brown
1982).

PLAN DEFINITIONS

Our classification scheme is primarily
concerned with a subset of the available forest
types in the southwestern United States. We are
interested in both potential and existing vegera-
tion. Consequently, our scheme is a hybrid of
classification schemes based on potential vegeta-
tion (series, association and habitat type) and
forest cover types based on existing vegetation.
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We use the term plurality to refer to the situa-
tion where a species (or group of species of
interest) comprises the largest proportion of a
mixed-species stand (Eyre 1980).

With these definitions and concepts in
mind, definitions for specific forest cover types
are provided below.

Ponderosa Pine Forest

We define the Ponderosa Pine Forest Type
as:

1.  Any forested stand of the Pinus ponderosa
Series not included in the Pine-Oak
Forest Type (see below), or;

2. Any stand that qualifies as pure (Eyre
1980) ponderosa pine, regardless of the
series or habitat type.

Pine-oak Forest

A number of habitat types exist in the
southwestern United States that could be de-
scribed as pine-oak. Most of the stands relevant
to recovery of the Mexican spotted owl fall
within two series, the Pinus ponderosa Series and
the Pinus leiophylla Series. Present evidence,
however, suggests that the former series includes



many areas that could never attain the type of
forest structure sought by spotted owls for
roosting and nesting. Therefore, in an attempt to
avoid needlessly restricting management options
on lands not used to any great extent by the
spotted owl, we propose the following opera-

tional definition for pine-oak forest under this
Plan:

1. Any stand within the Pinus leiophylla

Series.

2. Any stand within the Pinus ponderosa
Series that meets the following criteria
simultaneously:

a) Habitat types that reflect Quercus
gambelii or a Quercus gambelii phase
of the habirtat type.

b) The stand is located in either the

Upper Gila Mountains Recovery

Unit, the Basin and Range-West

Recovery Unit, or the Zuni Moun-

tains or Mount Taylor regions of the

Colorado Plateau Recovery Unit.

¢) >10% of the stand basal area or
2.3 m?/ha (10 ft®*/ac) of basal area
consists of Gambel oak > 13 cm
(5 in) diameter at root collar.

3. Any stand within the Basin and Range-
West Recovery Unit of any other series
that meets the following criteria
simultaneously:

a) A plurality (Eyre 1980) of the basal
area exists in yellow pines (ponde-
rosa, Arizona, Apache, or Chihua-

hua).

b) >10% of the stand basal area or
2.3 m?/ha (10 ft*/ac) of basal area
consists of any oaks > 13 cm (5 in)

diameter at root collar.

Volume I/Part 11

56

Mexican Spotted Owl Recovery Plan

Mixed-conifer Forest

Natural variability is high within this forest
type and has been increased by both natural and
human-caused disturbances. Despite this vari-
ability, an extant classification scheme based on
series and habitat types (Hanks et al. 1983,
Layser and Schubert 1979, Alexander et al. 1984
a, b; Alexander and Ronco 1987, Youngblood
and Mauk 1985, DeVelice et al. 1986, Fitzhugh
et al. 1987) is available. This classification system
is in widespread use and has multiple-agency
support. Given that background, we propose
using that system as a starting point in defining
mixed-conifer forest, with some added refine-
ments. Specifically, we propose that:

1. The definition of mixed-conifer forest
generally be confined to the following
series (Layser and Schubert 1979) and
associated habitat types (after authors
listed above): Abies concolor, Pseudotsuga
menziesit, Pinus flexilis, or Picea pungens.

Within this framework, we provide the
following exceptions to the general guideline
listed above:

1. Any stand within the Pinus aristata,
Picea engelmannii, or Abies lasiocarpa
Series not having a plurality (Eyre 1980)
of basal area of any of Pinus aristata,
Picea engelmannii, Abies lasiocarpa, or
Pinus ponderosa, singly or in combina-
tion, should also be defined as mixed-
conifer.

2. Stands that can be described as “pure” for
coniferous species other than Douglas-
fir, white fir, southwestern white pine,
limber pine, or blue spruce should be
excluded from the broad category of
mixed-conifer for the purposes of Plan
implementation regardless of the series
or habitat type. By pure, we mean that
one species comprises 80% or more of

the dominant and codominant trees
(Eyre 1980).
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3.  Stands of mixed species with >50% of 3. >80% of dominant and codominant
the basal area consisting of quaking trees are species other than Pseudotsuga
aspen should be defined as quaking mengziesii, Abies concolor, Pinus
aspen for the purposes of Plan imple- strobiformis, Pinus flexilis, or Picea
mentation regardless of the series or pungens .. . ... ... Classify by dominant
habitat type. species
High-elevation Forests, 3. Standnotasabove.......... ...... 4
Including Spruce-fir Forest
4. Populus tremuloides contributes
We define this forest type as: 250% of stand basal arca
.......... Quaking Aspen Forest
1. Any stand of the Pinus aristata, Picea ) )
engelmannii, or Abies lasiocarpa Series 4. Notasabove. ... .. Mixed-conifer
that meets the following criteria: Forest
2) The majority (Eyre 1980) of stand 5. Series = Pinus leiophylla . . . . . Pine-oak
basal area consists of any of the three Forest
species listed above, either singly or .
‘0 combination. or: 5. Seriesnotasabove................ 6
b) Any stand that qualifies as a pure 6. Series = Pinus ponderosa . . . . . . ... 7
stand (Fyre 1980) of any of these .
specics, regardless of the series or 6. Seriesnotasabove............ 10
habitat type. . ‘
7. Habirat type or phase includes Quercus
Qu aking Aspen gambelii ... ... 8
7. Notasabove.............. Ponderosa

We propose that any stands with >50% of
the basal area consisting of quaking aspen be
defined as quaking aspen.

Pine Forest

8. Area is located within Upper Gila
Mountains Recovery Unit, Basin and
Range-West Recovery Unit, or the
southeastern portion of the Colorado
Plateau Recovery Unit (Zuni Mtns.,

KEY TO FOREST COVER TYPES

1.  Trees deciduous and broadleaved, often

confined to floodplain, drainageway, or Mt Taylor). ... coooviii i 9
canyon bottom (Layser and Schubert
1979) oo Riparian Forest 8. Area not located as above. .. .... ...

R PR Ponderosa Pine Forest
1.  Dominant trees evergreen and needle-

leaved ... .. o 2 9. >10% of stand basal arca or 2.3 m¥/ha

(10 ft¥/ac) consists of Quercus gambelii >
13 cm (5 in) diameter at root collar. . . .
Pine-oak Forest

2. Series = Psuedotsuga menziesii, Abies
concolor, Pinus flexilis, or Picea
PURGENS oo 3

9. Not as above . ...... ... ... POIIdCl‘OSﬂ

2. Seriesnotasabove..... ........ S Pine Forest
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11.

11.

10. Series = Pinus aristata, Picea
engelmannii, or Abies lasiocarpa

10. Series notasabove........... 13

Stand can be defined as pure for either
Pinus aristata, Picea engelmannii, or Abies
lasiocarpa . .. .. ... .. Spruce-fir Forest

Stand notasabove . . ...... ... .. .. 12

12. Pinus aristata, Picea engelmannii,
or Abies lasiocarpa contribute >50%
of stand basal area, either singly or
in combination. . ... ..

Spruce-fir
Forest

12. Stand notasabove.............
........... Mixed-conifer Forest
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13.

13.

15.

15.
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Stand located in Basin and Range-West
Recovery Unit.................. 14

Stand not located as above . . . . .. Other

14. A plurality of stand basal area is
contributed by Pinus ponderosa,
Pinus engelmannii, or Pinus
leiophylla, either singly or in

combination . . ........oe... 15
14. Stand notasabove . .. ... ... Other

>10% of stand basal area or 2.3 m?/ha
(10ft® ac) consists of any oak > 13 cm (5
in) diameter at rootcollar. .. .........
................... Pine-oak Forest



Mexican Spotted Owl Recovery Plan

D. CONCEPTUAL FRAMEWORK FOR RECOVERY
William H. Moir, James L. Dick Jr., William M.
Block, James P. Ward Jr., Robert Vable,
Frank P. Howe, and Joseph L. Ganey

The goal of this Recovery Plan is to recover
the Mexican spotted owl so that it no longer
requires protection under the Endangered
Species Act. We submit that this can be best
achieved by ensuring a mosaic of all successional
stages, now and in the future, throughout a
landscape comprised of all known habitat types
used by the owl. In mixed-conifer, pine-oak and
riparian forests, this habitat mosaic must contain
stands adequate for all life-history requirements,
including nesting and roosting.

We agree with the widely held belief that
conditions within some southwestern forests
deviate substantially from those existing prior to
European settlement. Moreover, forests through-
out the U.S. range of the owl are at high risk
from fire, insects, and disease. The mechanisms
responsible for current condition are not com-
pletely known, but synergistic effects of past
timber harvest, overgrazing, and fire suppression
are plausible explanations. The intent of this
Recovery Plan is not to cast blame on any
particular aspect of past management, but to
outline the appropriate steps needed to ensure
persistence of the Mexican spotted owl. Thus,
the basis to maintain owl populations is to
ensure that adequate habitat quality and quantity
will be sustained through time. These conditions
also must be within the natural range of varia-
tion.

We recognize, however, that major knowl-
edge gaps preclude accurate descriptions of the
natural range of variation and presettlement
conditions. We cannot verify that fewer owls
exist today than 100 years ago, or vice versa. We
know little about habitat quality and how
contemporary landscapes and ecosystem condi-
tions contribute to owl fitness and population
persistence. Thus, management of the owl
should proceed in an iterative fashion. We must
use the best available knowledge to guide current
management, recognizing that new information
from research and monitoring is critical for the
development of long-term management plans.
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This Recovery Plan details a short-term (10-
15 years) strategy aimed at maintaining owl
habitat where it exists and initiating a process to
develop a forested landscape that includes
replacement habitat. We presently have insuffi-
cient knowledge to design a strategy that will
answer all long-term considerations, such as
allocation of stand structures in space and time.
Under proposed delisting criteria (III.A), the owl
could be delisted within this 10-15 years, render-
ing this plan obsolete.

To achieve the recovery goals outlined in this
Plan, management must emulate natural ecosys-
tem processes and landscape mosaics that bal-
ance natural variability and secure the landscape
against catastrophic habitat loss. Our recommen-
dations assume that population status and
habitat condition will be monitored in conjunc-
tion with recovery efforts for the Mexican
spotted owl (Part IIT). The management recom-
mendations are not meant to stand alone with-
out such monitoring,.

ECOSYSTEM OR LANDSCAPE
MANAGEMENT

Volume 2 summarizes current knowledge of
the Mexican spotted owl’s basic natural and life
histories, but a brief reiteration is appropriate
here. First, the owl is found in a number of
different habitat types ranging from slickrock
canyons to cool, mesic forests. Second, the owl
has relarively large home ranges, typically con-
taining mosaics of vegetation types and different
seral stages and conditions within those types.
Third, the owl takes numerous species of prey
and each of these species has unique habitat
requirements. These factors considered simulra-
neously stress the need to consider management
across spatial scales ranging from sites to land-
scapes and to provide the diversity of conditions
required for the owl’s life history. Consequently,
we submit that management for Mexican spot-
ted owls must be viewed within the context of
managing ecosystems.




How can ecosystem management be applied
to the Mexican spotted owl? Ecosystem manage-
ment should sustain biotic diversity and the
natural processes and landscape mosaics that
generate that diversity (cf., Jensen and
Bourgeron 1993, Franklin 1993, 1994; Diaz
and Apostol 1993, Kaufmann et al. 1994,
Williams 1994). The current emphasis in
ecosystem management is to use the filter
approach described by Hunter (1991). Two
“sizes” of filters, coarse and fine, are used.

The objective of the coarse filter approach is
to maintain the natural array of conditions that
exist within the biotic and physical limits of the
landscape. This would include special as well as
common habitats. [deally, the array of condi-
tions provided by using the coarse-filter ap-
proach should maintain most plants and animals
adapted to natural conditions (Hunter 1991).
This should include most of the habitat condi-
tions needed by the owl and its prey.

In some cases, however, a fine filter may be
required for specific habitats, or habitat ele-
ments, that fall through the coarse filter. With
respect to the Mexican spotted owl, the coarse
filer is probably sufficient for most foraging
habitats, but a fine filter may be needed to
provide nest and roost sites. For example, the
owl prefers or needs particular landforms (such
as steep-walled canyons), particular structures
(including snags, large trees, large logs, cavities
and other platforms for nesting), mature forests,
and specialized microhabitats. Thus, a fine-filter
analysis is required to identify and ensure con-
tinuing availability of the owl’s specific habitat
needs.

In summary, the coarse filter approach is
used to manage the overall landscape, and, if
properly applied, should suffice to maintain the
natural array of conditions on that landscape.
The fine filter is used to provide specialized
habitats or habitat elements within that overall
landscape.

Two themes of the recovery measures are
consistent with these principles of ecosystem
management. The first theme is that the general
recommendations of this Recovery Plan provide
conditions for the owl across the landscape. This
landscape should provide nesting, roosting,
foraging, and dispersal macrohabitats in the
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short term. This theme emphasizes protecting
and monitoring owl populations and habitats.

The second theme acknowledges that ecosys-
tems are temporally dynamic, and that provi-
sions are needed to ensure owl habitat in the
long term. As nest sites change and are aban-
doned, new nest sites should develop and be-
come occupied. Allocation of mid- to late-seral
forests needed by spotted owls, and other spe-
cies, in future decades requires knowledge of
forest disturbances, risks, and rates of succession
at different spatio-temporal scales. We outline
below some disturbances, risks, and tools that
should be considered in managing present and
future owl habitat.

Fire

Fire is the most rapidly acting of natural
disturbances. A crown fire can quickly consume
forests across vast tracts. After a large crown fire,
habitat components for nesting, roosting, and
foraging are reduced or eliminared. Small-scale
natural fires and prescribed burns, however, can
reduce fuel loadings and create small openings
and thinned stands that increase horizontal
diversity and reduce the spread of catastrophic
fire. Small-scale fires and lightning also create
snags, canopy gaps, and large logs, plus they
perpetuate understory shrubs, grasses, and forbs
which are important habitat components to the
owl, its prey, and other wildlife. Under natural
fire regimes prior to 1890 these small fires
occurred frequently (Moody et al. 1992).

The risk of catastrophic fires is widespread in
Southwestern forests and woodlands (Moody et
al 1992). Fuel accumulations and forests over-
stocked with trees place spotted owl habirtat at
risk with respect to stand-replacing fires. Figures
I1.D.1-3 show the changing fire record from
1910 ro 1992, based on records compiled at the
FS Southwestern Regional Office. Because FS
burn policies changed during this period and the
use of prescribed natural fire increased, interpre-
tation of these records is not straightforward. In
general, however, the figures document an
increase in both area burned per year and in area
lost to catastrophic, stand-replacing fires.

The number of total natural and human-
caused fires generally declined after 1981 (Figure



I1.D.1), but the number of large fires (> 4 ha
[>10 acres]) increased at the same time (Figure
I1.D.2). Figure I1.D.3 shows the trend clearly;
from 1985 to 1992 the number of hectares that
burned increased. If the influence of two excep-
tional fire years (1974 and 1979) is removed, the
trend shown in Figure I1.D.3 remains; that s,
the number of large fires increased.

Moody et al. (1992) estimated that about
303,500 ha [750,000 acres] of mixed-conifer
forest within FS Region 3 needed treatment to
reduce fire risk in the next 10 years. Unmanaged
and unplanned conversion of large areas of
forests or woodlands to early seral conditions by
wildfire can disrupt management goals to main-
tain existing and to provide future spotted owl
habitat (USDA 1993c¢).

Characteristics of many nest and roost sites
of spotted owls place them at high fire risk.
Some nest/roost locations at special topographic
locations (such as steep-walled canyons or
isolated places) may be fire refugia, however.
Taking cue from these, one promising manage-
ment tactic is to isolate nest/roost sites from the
adjoining high-risk forest by reducing flamma-
bility and fire spread in a buffer around the site.
This must be done, of course, without compro-
mising the site itself as nest/roost habitat.

Inevitably, severe climatic conditions will
occur in the future, and extreme fire years are
possible (Swetnam and Betancourt 1990). Given
the present conditions of Southwestern forests,
extreme fire years could result in holocaustic fires
throughout large portions of the owl’s range.
Because the resulting damage to owl habitat
would be irreparable in the forseeable future,
efforts to limit large-scale catastrophic fires are of
utmost importance for owl conservation.

Increased use of fire and other tools will be
needed to reduce the amount of forest at high
risk from stand-replacing fires. The Recovery
Team encourages proactive fire management
programs which assume active roles in fuels
management and understanding the ecological
role of fire. An example of such a program is the
one employed by the Gila National Forest.

The Recovery Team recognizes that fire
technology may not be at the level of sophistica-
tion needed to maintain owl habitat and create
new habitat. Although we advocate broadscale
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use of fire in the Southwest, we also stress the
need to approach the use of fire in an adaptive
management context. Prescriptions that main-
tain key structural features of owl and small prey
habitats should be developed and tested. These
features include large trees (which are often fire
resistant), snags, logs, and understory hardwood
trees. Treatments to produce or maintain such
habitat components must be assessed by moni-
toring to evaluate if treatment objectives were
met in both short and long terms. Wholesale use
of fire without understanding or monitoring its
effects on habitat may render areas unusable by
owls, and may also miss opportunities to im-
prove our knowledge of fire effects. Fire and
wildlife personnel should work together to refine
fire prescriptions compatible with maintenance
of important habitat elements.

Other Natural Disturbances

The vegetative communities that provide
habitat for the Mexican spotted owl are dynamic
assemblages of living plants, snags, logs, and
numerous organisms active in decay and nutri-
ent-cycling processes. Herbivory, disease, and
structural change caused by bacteria, fungi,
insects, and vertebrates are natural agents of
change in forest and woodland communities and
occur at scales ranging from individual trees to
landscapes.

These disturbances contribute to the forma-
tion of complex landscape mosaics in which
woodlands and forests consist of aggregates of
transient patches and gaps. Added to this patchi-
ness are changes of the structural elements of owl
habitat caused by disturbances at scales larger
than gaps. Climate change, pollutants, and other
extensive events will produce effects of magni-
tudes that are poorly understood (Davis 1989).
Although management scarcely influences the
primary determinants of vegetation pattern
(geology, climate, and genetics), management
can affect vegetation by manipulating the extent,
severity, and frequency of disturbance.

Land managers should recognize that natural
disturbances can create and maintain diverse and
productive ecosystems that afways include,
somewhere on the landscape, an adequate
amount and distribution of the vegetative



Mexican Spotted Owl Recovery Plan

Figure 11.D.1. Historical record of number of total fires and number of natural fires. Data from
USEFS Southwestern Region.
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Figure I1.D.2. Historical record of fires over four hectares in size. Shown are numbers of fires and
area burned. Data from USFS Southwestern Region.
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Figure I1.D.3. Five-year running averages of area burned. Data from USFS Southwestern Region
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elements that are the required habitat for the
Mexican spotted owl. The word “adequate” is
crucial. Adequacy is derived from publicly
acceptable landscape descriptions (desired
conditions), together with use of the best succes-
sion, allocation, and landscape-dynamic models
to guide managers in how to get there. Adequacy
is tested by ongoing monitoring and adaptive
management ([I1.C) and should not be assumed
in the absence of monitoring.

Insects and microorganisms can be beneficial
as well as destructive agents of plant succession
(Dinoor and Eshed 1984, Knauer 1988,
Dickman 1992, Haack and Byler 1993). These
organisms may produce large-scale community
changes after periods of climatic stress that
“predispose” forests to insects or pathogenic
occurrences (Colhoun 1979). Several groups of
forest insects occasionally develop epidemic
populations that severely damage mature forest
trees over large areas. Among the defoliating
insects, the western spruce budworm kills un-
derstory white fir and Douglas-fir and thins
the crowns of overstory trees (Archambault et al.
1994). Outbreaks of western spruce budworm
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occur every decade or so and extend widely
across the landscape. Perhaps as a response to fire
exclusion policies, recent budworm outbreaks
have tended to be regionally synchronous with
the maturing of host species over large areas
(Swetnam and Lynch 1993). As a complicating
factor, trees that suffer declining vigor from
multiple years of defoliation by budworms may
lose their resistance to more injurious wood-
boring insects and ultimately die. Bark beetles
are important wood-boring insects in pinyon,
ponderosa pine, Douglas-fir, and Englemann
spruce. During outbreaks (about every 7 to 10
years), these insects kill groups of mature trees.
In longer outbreaks (usually those following
droughts), mortality groups coalesce and damage
appears to be widespread. Bark beetle popula-
tions are most likely to increase where host trees
are stressed as a result of sublethal fire damage,
dwarf mistletoe infection, or where abundant
green slash is available from thinning or
blowdown.

The principal forest pathogens are root
disease fungi and dwarf mistletoe. Armillaria
root disease is widespread across the forests of



the Southwest. In a few locations it behaves as an
aggressive killing agent (Marsden et al. 1993),
but in most stands it acts to remove trees weak-
ened by lightning or insects. Other root diseases
are caused by Heterobasidion annosum and
Phellinus schweinitzii.

The most common tree disease in South-
western forests is caused by parasitic seed plants
of the genus Arceuthobium, the dwarf mistletoes.
About one-half to two-thirds of the stands in
these forests are infested by dwarf mistletoe.
Infected trees become stunted, develop witches’
brooms, and are eventually killed by this or
other mortality agents. Both root disease and
mistletoe typically occur as “centers” or “patches”
and create slowly but continously expanding
canopy gaps. These agents increase ecosystem
diversity by producing snags, logs, and, in the
case of mistletoe, witches brooms. They also act
synergistically with forest insects.

The relationship between fire and dwarf
mistletoe is complex. Brooms caused by dwarf
mistletoe provide fuel continuity from ground to
tree crown. By maintaining seral trees in forest
stands, fire increases the opportunity for mistle-
toe infection because the seral trees are more
commonly hosts than climax trees. Similar
complex relationships exist berween fire, bark
beetles, and western spruce budworms.

White pine blister rust is caused by an exotic
fungus that was recently introduced into the
Sacramento Mountains. It has the potential to
kill most of the southwestern white pine in the
mixed-conifer forests (Hawksworth and Conklin
1990) where the greatest concentration of
Mexican spotted owls occurs. Although south-
western white pine is seldom the most frequent
tree species of a stand, it is an important seral,
dominant, or codominant species in most areas.
This tree produces large seeds and readily fills
gaps opened by mortality of other trees to
budworm, bark beetles, root disease, and mistle-
toe. Therefore, the short-term effects of white
pine blister rust may be negative, since a strong
reordering of forest tree composition may take
place. A number of actions can be taken to
“control” the rust and reduce its impacts, but
they are expensive and their effectiveness and
possible side effects are unknown. In the long-
term, a genetic balance between the rust and
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white pines may occur, as it did with Pinus
monticola in the northern Rockies (Ledig 1992).

Various other arthropods and saprophytic
fungi are also important agents of deterioration
and decay of snags and logs. Although these
agents generally do not kill trees directly, their
activity (decay) can lead to stem breakage and
tree death. They are thus important in determin-
ing the condition and persistence of coarse
woody debris within forest stands.

The cumulative impacts of these disturbance
agents on owl habitat depends on a number of
factors, some of which are subject to manipula-
tion. In general, these and other kinds of distur-
bances affect forest nutrient and water cycles,
solar penetration to the understory, and plant
and animal food webs. The response of under-
story vegetation, fungal-small mammal relation-
ships (Maser et al. 1978), and owl prey to
various disturbance factors can be positive or
negative, depending on numerous site factors
and the successional stage of the affected vegeta-
tion. Because these processes are interactive and
affect a number of vegetation attributes, simple
assessments are inadequate. Several vegetation
management tools, including various kinds of
silviculture, risk-abatement for fire or insect/
disease damage, prescribed burning, and direct
population control are appropriate in various
combinations.

These disturbance agents should be consid-
ered in developing management strategies for
owl recovery. Managers must recognize that the
organisms discussed above and their effects are
not necessarily or even primarily bad. Certain
natural processes may interfere with short-term
priorities of forest management; but the perpetu-
ation of forest conditions that support those
priorities may depend on natural processes
continuing in the long term. Moreover, conflict-
ing priorities, or even second- or third-level
priorities may benefit from these organisms.
Evaluations should be based on the role these
organisms play in directing succession toward, or
away from, desired future conditions at different
spatiotemporal scales.

Managers, in consultation with specialists,
can use these organisms to strategic advantage in
creating, enhancing, or maintaining habirats for
owls (and associated biota) in accord with



landscape goals. For example, dwarf mistletoe
creates nest sites for owls in Douglas-fir. In some
places, outbreaks of western spruce budworm
eliminate understory host trees, helping to
reduce fuel ladders that carry fires into tree
crowns. These biotic agents of mortality have
thinning effects on tree overstories. Such thin-
ning affects nutrient and hydrological cycles,
understory vegetation, and availability of prey to
owls.

In summary, we encourage resource manag-
ers to work with forest insect and disease special-
ists to develop ecological assessments of these
kinds of disturbances at various scales
(Kaufmann et al. 1994). Understanding the
scientific basis of forest change and evolution is
crucial to successful management of forest
ecosystems, and therefore to recovery of the
spotted owl.

Degradation of Riparian Forests

Riparian forests may also function as impor-
tant components of ecosystems supporting
spotted owls. These communities, particularly
mature, multi-layered forests, could be impor-
tant linkages between otherwise isolated sub-
populations of spotted owls. They may serve as
direct avenues of movement between mountain
ranges or as stopover sites where drainages bisect
large expanses of landscape that otherwise would
be inhospitable to dispersing owls. Further,
historical evidence exists that spotted owls once
nested in such habitats.

Many riparian ecosystems have deteriorated
in the Southwest (Cooperrider 1991, Bock et al.
1993, USDI 1994), and the loss of riparian
habitat was one of the reasons for listing the owl
(Part I). Dick-Peddie (1993) estimated from
map and air photo data that 96% of the Rio
Grande riparian area in New Mexico has been
lost to urbanization, agriculture, water impound-
ments, and other modifications. Gallery forests
that once extended into woodlands, grasslands,
and deserts have significantly declined or dete-
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1989a, 1989b) could facilitate movements of
spotted owls between distant geographic loca-
tions and perhaps even provide nesting habitat.
A wide variety of other organisms would also
benefit from healthier riparian systems.

TIMBER HARVEST AND
SILVICULTURAL PRACTICES

Historically, the principal objectives of forest
management were to derive economic gain and
commodities from forests. Silviculture has great
potential as a tool for meeting other objectives,
however, such as maintaining and developing
Mexican spotted owl habitat, alleviating fire risk,
minimizing impacts of insects and disease, and
enhancing various ecological values. In this
section, we review past timber-harvest practices
in the Southwest and contrast those practices
with alternatives. Our focus is the potential
effects of these practices on Mexican spotted
owls.

Historical Perspectives
Past Practices

The primary factors leading to the listing of
the Mexican spotted owl were adverse modifica-
tion of its habitat as the result of even-aged
management and plans to continue this harvest
method as detailed in existing Forest Plans.
Fletcher (1990) reported the loss of >325,000 ha
(800,000 acres) of spotted owl habitat within FS
Region 3 as the result of human activities,
primarily forest management. Silviculture
emphasized even-aged systems which tended to
simplify stand structure and harvest a dispropor-
tionate share of large trees. The Team used past
forest inventory data to evaluate the change in
the size-class distribution of trees from the 1960s
to the 1980s. The trend that emerged from our
analysis was a substantial increase in the density
of trees 12.7-32.8 cm (5-12.9 in) dbh, but a
laree decrease in numbers of trees >48.3 cm (19

riorated, adversely affecting numerous wildlife
populations (Minckley and Clark 1984, Skovlin
1984, Minckley and Rinne 1985, Bock et al.
1993, USDI 1994). Efforts to improve riparian

in) dbh (see below). As discussed by Ganey and
Dick (1995), large trees are an important com-
ponent of spotted owl habitat; thus, the 20%
decrease in numbers of trees >48.3 cm (19 in)

and watershed conditions (DeBano and Schmidt
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dbh removed a key habitat component of the
Mexican spotted owl. The simplification of stand
structure is not so easily quantified. Given that
mostly even-aged management was used, how-
ever, the conclusion of stand simplification is
reasonable.

Forest Plans

Existing Forest Plans and their underlying
standards and guidelines are fairly explicit with
respect to the silvicultural practices to be used
and the expected timber volumes to be extracted.
These Forest Plans articulate classic even-aged
management regimes with regeneration treat-
ments occurring at 120-year intervals, intermedi-
ate treatments employed to maintain open stand
conditions, and disease-control treatments as
conditions warrant. Thus, management called
for fairly frequent entries into a stand. Furtcher,
this management system stressed simple stand
structures, decreased residual densities, and
elimination of large, slow-growing, but high
value trees (primarily ponderosa pine and Dou-
glas-fir). Salvage, sanitation, fuel reductions, and
fuelwood harvest as specified in Forest Plans
combined to reduce numbers of snags, another
correlate of spotted owl habitat. In summary,
even-aged management as specified in Forest
Plans is incompatible with maintaining and
developing spotted owl habitat. The Team is
encouraged, however, by recent efforts by FS
Region 3 to amend forest plans to incorporate
the recommendations proposed in this Recovery
Plan, and to emphasize uneven-aged manage-
ment as the preferred silvicultural system in the
Region.

Habitat Trends

Historical and current trends in spotted owl
habitat are presently unknown. Numerous
factors underlie this lack of knowledge, but the
paucity of reliable vegetation data is the most
glaring explanation. This lack of credible data
has not precluded rampant speculation on
habitat trend, however. In general, habitat trend
is perceived in two divergent ways. One view is
that past timber harvest within the forest types
used by Mexican spotted owls has caused a
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dramatic decline in habitat quantity and quality.
Indeed, the conclusion of historical habitat loss
coupled with projections for additional habitac
loss were the primary factors for listing the
subspecies (Part I). The contrary view suggests
that many years of fire exclusion within South-
western forests has allowed mixed-conifer forest
types to increase at the expense of meadows and
fire-disclimax species such as quaking aspen and
ponderosa pine (USDA 1993b, Johnson 1994).
Further, Southwestern ponderosa pine forests are
known to be generally denser today than they
were in pre-settlement times (Covington and
Moore 1992, 1994a, b, ¢). Based on this infor-
mation, USDA (1993b) concluded that habitat
suitability for the Mexican spotted owl had
increased. Because of these conflicting views, the
Team attempted a quantitative evaluation of
habitat trend with respect to the Mexican spot-
ted owl.

Data Availability—Limited sources of data are
available for assessing habitat trend. Within
forested types, forest inventories from the 1960s
(Choate 1966, Spencer 1966) and the 1980s
(Conner et al. 1990, Van Hooser et al. 1993)
have been compared by USDA (1993b) and
Johnson (1994) and are used, in part, for our
analyses. We admit, however, that differences in
definitions and in how data were collected make
comparisons between the 1960s and 1980s data
tenuous, at best (Van Hooser et al. 1993). These
differences include: (1) changes in definitions of
vegetation types; (2) changes in the landbase
being sampled, (e.g., changes in wilderness
designation); and (3) changes in sampling
intensity.

The following comparisons are limited to
commercial forest lands within the States of
Arizona and New Mexico on a per hectare basis.
Thus, all forest types are included but, unlike
USDA (1993b) and Johnson (1994) we do not
extrapolate the data to unsampled forested lands
such as wilderness areas. Therefore, our analyses
focus on changes on commercial forest lands
where data exist. Because of differences in land
designations (i.e., commercial umber land
becoming wilderness between the two sampling
periods), comparisons of raw values are poten-
tially misleading. Thus, our comparisons are



primarily restricted to evaluations of propor-
tions. To compare stand structure, we used
relative frequencies of trees by size class. We
reiterate that caution is warranted when inferring
conclusions from these data, but submit that
some gross generalizations are possible.

Trends in Forest Landbase and Timber
Volume.— Total forested land increased from
4,516,000 to 4,750,000 ha (11,160,000 to
11,738,000 acres) from the 1960s to the 1980s,
roughly a 5% increase. The commercial forest
landbase decreased by approximately 15%
(624,000 ha [1,541,000 acres]), however, and
reserved forested lands increased by 858,000 ha
(2,119,000 acres). Growing stock (i.c., the
harvestable volume) on commercial lands de-
creased from 12,707 MMCEF to 11,549 MMCEF.
This decrease is not surprising given the volume
of timber harvested on commercial forest lands
and the decrease in the amount of commercial

forest lands from the 1960s to the 1980s.

Trends in Forest Types.—Within the commer-
cial landbase, mixed-conifer forests comprised
approximately 11% of total area in the 1960s
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and 20% of the total area in the 1980s, a 9%
increase (Table I1.D.1). Possible explanations for
this change include: (1) increasing invasion of
mixed-conifer species (presumably Douglas-fir
and white fir) into other types, such as mead-
ows; (2) more liberal definitions of mixed-
conifer (i.e., includes types previously classified
as something else); (3) quaking aspen giving way
to other species in the absence of fire; and (4)
selective harvest of ponderosa pine, leaving
residual forests composed primarily of other
conifer species. Any of these reasons may explain
the perceived changes of forest type; probably all
of these and other factors contributed to some
degree. We speculate that classification changes
account for most of the change, and that selec-
tive removal of ponderosa pine and the succes-
sion of quaking aspen stands to mixed-conifer
are also plausible short-term explanations.
Conversely, we have difficulty accepting that
encroachment of mixed-conifer species into
other forested types was responsible for more
than a relatively small portion of this change
within the twenty-year period. Thus, any gener-
alizations concerning changes in forest types and
any actions proposed to reverse these trends

Table I1.D.1. Changes in the area (ha X 1,000 [acres x 1,000]) and distribution of forest types from
the 1960s to 1980s on commercial forest lands within Arizona and New Mexico. Data from Choate
(1966), Spencer (1966), Conner et al. (1990), Van Hooser et al. (1993).

Landbase  Proportion of Landbase Proportion of = Change in
Forest Type in 1960s* 1960s Landbase® in 1980s*  1980s Landbase® Proportion®
Ponderosa Pine 3,234 78 2,530 72 -6
(7,992] [6,252]
Mixed-conifer 475 11 709 20 9
[1,173] [1,752]
Spruce-fir 257 6 201 6 0
[635] [496]
Quaking aspen 180 4 81 2 -2
(4406] [201]
Total 4,146 100 3,523 100
(10,246] [8,701]

*  Landbase in hectares [acres] covered by the forest type.

b Proportion of the total forested landbase belonging to the forest type.

¢ (Prop. 1960s landscape)-(Prop. 1980s landscape).
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Table I1.D.2. Changes in the density (trees/ha [trees/acre]) and distribution of tree size classes from
the 1960s to 1980s on commercial forest lands within Arizona and New Mexico. Data from Choate

(1966), Spencer (1966), Conner et al. (1990), Van Hooser et al. (1993).

Tree Density ~ Proportion of  Density ~ Proportion of Change in Density
Size Class in 1960s* 1960s Total ®  in 1980s* 1980 Total®  Proportion° Change?
2.5-12.5 cm 146.2 62.5 134.2 53.7 -8.8 -8.3
[1.0-4.9 in] [59.2] [54.3]

12.6-32.8 cm 70.3 30.0 98.5 39.4 9.4 40.2
[5.0-12.9 in] [28.5] (39.9]

32.9-48.0 cm 12.1 5.2 13.0 5.2 0.0 7.5
[13.0-18.9 in] [4.9] (5.3]

>48 cm 5.4 2.3 4.3 1.7 -0.6 -20.4
[>19 in] [2.2] [1.7]

¢ Tree density in no./ha [no./acre]

b Proportion of the total number of trees within that size class.

¢ (Prop. 1960s total)-(Prop. 1980s total).

4 ([Prop. 1960s total]-[Prop. 1980s total])/(Prop. 1960s total).

must acknowledge this uncertainty, and should
consider all plausible explanations for these
trends.

Trends in Size-class Distributions.—We noted
a change in the size-class distribution of trees on
commercial forest lands of Arizona and New
Mexico (Table I1.D.2). Sapling-sized trees (2.5-
12.5 cm [1-4.9 in] dbh) decreased in both
absolute density and in relative contribution to
the size-class distribution; trees 12.6-31 cm
(5-12 in) dbh increased in density by 40% and
in relative proportion of the size class distribu-
tion by >9%; and trees in the 31-48 cm (13-19
in) size class increased in density but not in
relative proportion of the tree distribution.
Finally, the density of large trees (>48 cm [19 in]
dbh) decreased from 2.3 to 1.7 trees/ha (0.9 to
0.7 trees/ac), a 20% decline. This decrease in
large trees would be expected given past timber
harvest practices which emphasized harvest of
the large trees. Possible explanations for the
increase in smaller stems include the growth of
regeneration, limited pre-commercial thinning,
fire suppression, and the lack of interest by the
forest industry in the smaller-sized stems.

Summary of Recent Habitat Trends.—Our
analyses indicate that between the 1960s and
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1980s (1) total forested acres increased, (2)
mixed-conifer types apparently covered more of
the landbase (but see above cautions regarding
this conclusion), and (3) densities of large trees
declined. Although the amount of total forested
land has increased and the amount of mixed-
conifer forest may have increased, we doubt that
the amount of Mexican spotted owl habitat has
increased concomitantly. Given the 20-yr period
between inventories, most of these additional
acres are likely in early successional stages and
unlikely to possess the habitat characteristics
used by spotted owls. Conversely, the 20%
decrease in the density of large trees is an alarm-
ing negative trend with respect to a very critical
component of spotted owl habitat.

Silvicultural Practices
and Forest Management

Four common forest structures occur natu-
rally or by silvicultural efforts. These structures
are even-aged, balanced uneven-aged, irregular
uneven-aged, and even-aged/uneven-aged
stratified mixtures. Even-aged stands, for the
most part, are characterized by most trees being
approximately the same age. The general con-
vention is that the spread of ages within the
stand are within approximately 20% of the



specified rotation age. Two types of uneven-aged
stands are balanced and irregular stands. In both
cases, at least three distinct age classes exist. A
balanced uneven-aged stand equates to each age
class occupying roughly equal areas. Distribution
by diameter class approximates a reverse, j-
shaped curve. Irregular uneven-aged stands have
some age and associated diameter classes missing
across the possible range of ages and diameters.
A two-storied stand, one with two distinct age-
class and diameter distributions, is neither even-
or uneven-aged, but is intermediate between the
two. Stratified mixtures occur where trees are
essentially even-aged, but differences in growth
rates and shade tolerance among tree species
result in multiple canopy strata. This structure
also occurs when selective regeneration of shade-
tolerant species or high site productivity leads to
heterogeneous age and diameter distributions.
In much of the mixed-conifer type in the South-
west, the stratified-mixture of stand structure
appears to be relevant to habitats used by spotted
owls.

Silviculture

Silviculture has been variously defined as (1)
the art of producing and tending a forest, (2) the
application of knowledge of silvics in the treat-
ment of a forest, and (3) the theory and practice
of controlling forest establishment, composition,
structure and growth (Smith 1986). In a general
sense, silviculture is the practice of managing
forest establishment, composition, structure, and
growth to meet stated objectives. Thus, silvicul-
ture should be regarded as a system of treatments
and not solely the practice of removing trees
from a stand.

In the Southwest, two broad classifications
of silvicultural systems, based on methods of
reproduction and resulting age-class mixes of
forested stands, are even-aged and uneven-aged
management. These are reviewed below; again,
our focus is the potential these systems have for
developing spotted owl habitat.

Even-aged Management.—Even-aged manage-
ment has been used commonly in Southwestern
forests. Reasons for its popularity are based both
on ecology and economics. Ecologically, even-
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aged systems favor species with limited shade
tolerance, such as quaking aspen, oaks, and
lodgepole pine. Shade tolerance is the ability to
reproduce and grow under the shade of larger,
taller trees. Shade-tolerant species typically
include true firs in Southwestern forests. Ponde-
rosa pine is considered to be of intermediate
shade tolerance, but tending toward the intoler-
ant side. Economically, even-aged management
is more efficient when considering short-term
costs of site utilization, sale preparation, trans-
portation systems, harvesting, and slash reduc-
tion. Further, even-aged systems are easier to
model, administer, and track over time.

Regeneration methods within even-aged
systems of the Southwest include shelterwood,
clearcutting, and seed tree methods. The
shelterwood method typically has a series of
cuttings. The first treatment in mature stands is
to stimulate cone and seed production for
regeneration. This is followed by a series of
treatments that remove the larger, older stems as
regeneration matures. Variations on the general
method include irregular shelterwood and
group-shelterwood. Clearcutting involves the
removal of the entire stand in one cutting.
Reproduction is obtained artificially by seeding
or planting, or naturally by seeding from adja-
cent stands. This method is appropriate for
shade-intolerant species. In appearance,
clearcurtting is indistinguishable from the cop-
pice-forest method of regeneration for quaking
aspen, where reproduction is obtained from
suckering of sub-terrain clones. The seed-tree
method resembles clearcutting except that a few
trees are left to provide a source of seed within
the treated area. Of these three, the shelterwood
method is used most commonly in the South-
west; clearcut and seed-tree methods are used
infrequently.

Variations of even-aged management are
used throughout the Southwest, but all share the
following characteristics. A predetermined time
for regeneration of the stand is set a priors; this
regeneration time can vary. The FS Region 3
generally schedules regeneration treatments from
100 to 120 years of stand age, an age when trees
are expected to reach 45.7 cm (18 in) dbh as the
maximum size. The management objective is to
maximize total volume over time while provid-



ing a “saw-timber” sized product. Residual stand
density can be controlled by thinning at theo-
retically scheduled entries in the stand. This
enables the capture of mortality on a semi-
regular basis and provides intermediate revenues
from timber harvest.

Even-aged stand structures are not used to
any great extent by the Mexican spotted owl.
Further, with its intent to promote uniformity in
tree age, size, spacing, and density, even-aged
management generally would not be a preferred
system for short-term development of spotted
owl habitat. Even-aged management may be
appropriate to maintain quaking aspen within
the mixed-conifer type, however. Quaking aspen
is typically even-aged in its carlier stages of stand
development. Because of its extreme shade
intolerance and requirements for elevated soil
temperatures for sprouting, quaking aspen
should be managed under even-aged systems.
Later seral stages of quaking aspen that include a
mixed-conifer understory appear both as a
simple mixture of an even-aged overstory and
uneven-aged understory, or as a stratified mix-
ture. As decadent quaking aspen stands are
replaced by the shade-tolerant conifers, spotted
owl nesting/roosting habitat begins to develop.
In summary, even-aged management has limited
potential with respect to developing the types of
stand structures used by spotted owls. Neverthe-
less, even-aged management is a critical tool to
meet specific objectives, and can meet certain
ecosystem objectives if employed at the proper
scale. Perhaps the primary objection to its use in
the past was its uniform, widescale application
across the Southwest.

Uneven-aged Management.——Uneven—aged
management entails the removal of timber in all
size classes on a periodic basis so that regenera-
tion is continuously established over time, and
stand size-class distribution is regulated. Un-
even-aged management is looscly based on the
premise that density control across a range of
diameter classes will ensure growth of stems over
time to a set maximum diameter, while ensuring
regeneration of species at regular intervals over
time. Only one reproduction method, the
selection method, is used with uneven-aged
management. The selection method provides
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openings in the stand to enable regeneration to
occur. Simultaneous with the selection and
harvest of trees to provide growing space for
regeneration, trees across all diameter classes are
thinned to ensure the desired distribution of
size- and age-classes within the stand.

Two variations of the selection method are
individual tree selection and group selection.
Individual tree selection, as the name implies,
involves the removal of single, scattered trees.
This method generally favors shade-tolerant
species, but this is also a function of the residual
stocking levels. Group selection entails the
removal of a small patch of trees; the width of
the patch is usually less than twice the height of
the dominant (i.e., largest) tree. This is some-
what analogous to a very small clearcut, but the
difference between the group selection and the
clearcut method is in the spatial scale of applica-
tion. Group selection is used to create a balance
of age- or size-classes in small contiguous groups
resulting in a mosaic within a stand. In contrast,
even-aged methods are typically applied to an
entire stand. Group selection can be used to
promote the establishment and growth of shade-
intolerant trees since there is opportunity to
reduce localized residual densities and the
amount of area shaded.

Group selection offers a number of advan-
tages for the development of potential spotted
habitar over single-tree selection techniques.
Application of the group selection method could
provide a mosaic of many small even-aged or
two-storied groups across a forest stand. Regen-
eration of shade-intolerant species is possible
where a reproduction source, either clones or
seeds, is present. With respect to insect and
disease problems, management options increase
for both suppression and prevention, especially
in mixed-species stands. Edge effects found at
group interfaces can provide structural features
and openings that mimic gap-phase regenera-
tion, and provide early-seral vegetation for prey
species (Ward and Block 1995). In some cases,
group-selection methods may result in less
residual damage to the stand as the result of
logging activities than single-tree selection.

Uneven-aged silvicultural practices predomi-
nate on Tribal lands where commercial timber
harvest exists. Reasons for the emphasis on this



silvicultural system include aesthetics, providing
forest cover over all lands simultaneously, the
perception that it provides a more even-flow of
products than even-aged management, and the
fact that it allows continuous regeneration.

We have not been able to assess the effects of
classic uneven-aged management on Mexican
spotted owl habitat because we were unable to
acquire data for most areas where uneven-aged
management is practiced on a large scale. How-
ever, based upon our understanding of the
application of uneven-aged systems, stand
density is often kept at a fairly low level, scldom
exceeding 18 m*/ha (80 ft’/acre) of basal area.
These low residual stand densities allow for
regeneration and growth of ponderosa pine.
Uneven-aged systems, whether they retain
individual trees or groups of trees, allow for the
development of multiple canopy levels, a key
component of Mexican spotted owl habitat.
However, Ganey and Dick (1995) demonstrate
clearly that owl habitat typically also includes
significant numbers of large trees. These large
trees may not be retained where uneven-aged
management is applied in this fashion.

In summary, uneven-aged management has
some promise for providing stands exhibiting
characteristics of spotted owl habitat. As cur-
rently practiced, however, uneven-aged manage-
ment results in large acreages of low-density
stands, numerous road openings, and the even-
tual eradication of large diameter stems. Al-
though neither the short- or the long-term
effects of these applications on spotted owls are
known, this type of application may not be the
best option for producing spotted owl habitat.

Development or maintenance of stratified
mixtures—Stratified mixtures can originate in
various ways, including stand-replacing events
(e.g., crown fire, even-aged management) that
may or may not leave remnant stems. The
establishment of stratified mixtures is not likely
in mixed-conifer types within the short time
frame (10-15 years) of this Recovery Plan.
Maintenance of such stands could be considered
in the short-term, however, and development of
stratified mixtures could be incorporated in
longer-term management plans.
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Management for stratified mixtures must
consider the mix of species along the continuum
of shade tolerance. Thus, any regeneration
efforts should be designed to have enough
openings of sufficient size for seedling/sprouting
establishment and release. Openings can be
accomplished by group selection cuts favoring
retention of shade-intolerant species, or selection
of individual trees adjacent to stems that could
provide a seed source for regeneration. One
technique to consider is small-scale seed tree cuts
(perhaps to be thought of as group seed-tree
selection cuts), which would provide both a seed
source and trees for ultimate snag development.
This method could maintain shade-intolerant
species, but would not be intrusive enough to
produce even-aged structure throughout the
stand. Within stratified mixtures, intermediate
treatments including pre-commercial and
commercial thinning could be beneficial in
increasing the growth of residual trees. At some
point, however, further treatments should be
deferred, and natural stand maturation and
succession should be allowed to proceed until
either (1) the stand is no longer spotted owl
habitat; or (2) the stand can be replaced by
habitat (preferably occupied by spotted owls)
that has been developed elsewhere.

Conclusions

Clearly, recent forest management practices
and those detailed in existing Forest Plans are
not beneficial to Mexican spotted owls. Reliance
on traditional forest management and silvicul-
tural techniques may no longer be possible, not
only with respect to the conservation of the
Mexican spotted owl but also with respect to
maintaining other ecosystem attributes. New
approaches must be developed that ensure the
long-term provision of owl habitat and the
maintenance of ecosystem structure and func-
tion. Traditional approaches will still have their
role, but perhaps used in slightly different ways
and with different intensities. Innovative applica-
tions of uneven-aged management may be
particularly useful in developing and maintain-
ing spotted owl habitat. In addition, particular
applications of uneven-aged management may
be useful in maintaining habitat conditions for



the owl where they exist. In some cases, the
application of even-aged management systems
may also be appropriate, so future forest man-
agement should not preclude the use of even-
aged management.

GRAZING

Grazing by livestock and wildlife (e.g., elk,
deer) occurs throughout the range of the Mexi-
can spotted owl. Depending on the intensity,
grazing has the potential to influence habirtat
composition and structure, and affect food
availability and diversity for the owl. However,
pred'icting the magnitude of grazing effects on
spotted owls and their habitat, and evaluating
management options requires a better under-
standing of the relationship between spotted owl
habitat and grazing.

Specific studies that document the effects of
livestock and wildlife grazing on spotted owl
habitat have not been conducted. Until specific
information is available, the potential effects on
the owl of grazing and trampling of vegetation
must be identified and considered to the extent
possible. For example, livestock and wildlife may
not impact spotted owl roost and nest sites
immediately, but could alter riparian habirars by
reducing, eliminating, or suppressing regenera-
tion. In time, reduced regeneration could limit
the development of overstory structure needed
for nesting, roosting, and other life history
needs, as well as jeopardize the sustainability of
these habitat types.

Grazing can alter a plant community di-
rectly, indirectly, or both. Direct alterations may
be as obvious as plant removal by consumption
or as subtle as removal by trampling. Indirect
alterations may be as straightforward as loss of
seed source or as insidious as damaged soil
(Dwyer et al. 1984, Kauffman and Krueger
1984, Fleischner 1994). Moderate to heavy
grazing can reduce plant density, cover, biomass,
vigor, and regeneration ability. Collectively, these
factors can alter the relative composition and
structure of grass, forb, shrub, and tree compo-
nents in an area (Hanley and Page 1982,
Zimmerman and Neuenschwander 1984, Schulz
and Leininger 1990, Milchunas and Lauenroth
1993). Within conifer forests, grazing can
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remove or greatly reduce grasses and forbs,
thereby allowing large numbers of conifer
seedlings to become established because of
reduced competition for water and nutrients and
reduced allelopathy. Establishment of large
numbers of seedlings coupled with the reduction
in light ground fuels (i.e., grasses and forbs) may
act synergistically with fire suppression to
contribute to dense overstocking of ladder fuels.
This dense overstocking can alter forest structure
and composition and degrade spotted owl and
prey habitats while increasing risks of stand-
replacing fires.

Beyond the effects of grazing on plants,
livestock activity can increase duff layers, acceler-
ate decomposition of woody material, produce
compacted soils, damage stream banks and
channels, and damage lake shores (Kennedy
1977, Blackburn 1984, Kauffman and Krueger
1984, Skovlin 1984, Clary and Webster 1989).
The combination of these changes to the biotic
and physical landscapes also affects plant com-
munity composition, structure, and vigor. If
such changes occur in or near areas used by
spotted owls, then grazing can influence the owl.
Those influences can be manifested by altering
(1) prey availability, (2) susceptibility of spotted
owl habitat to fire, (3) the health and condition
of riparian communities; and (4) development of
habitat. We summarize below the major sus-
pected influences of grazing on Mexican spotted
owls.

1. For the Mexican spotted owl, prey
availability is determined by the distribu-
tion, abundance, and diversity of prey
and by the owl’s ability to capture it.
Grazing may influence prey availability
in dissimilar ways. For example, grazing
that reduces dense grass cover can create
favorable habitat conditions for deer
mice while creating unfavorable condi-
tions for voles, meadow jumping mice,
and shrews (Medin and Clary 1990,
Schultz and Leininger 1991). This
change might decrease prey diversity
(Medin and Clary 1990, Hobbs and
Huenneke 1992). A diverse prey base can
provide a more predictable food resource
for the owls over time, because popula-




tions of many small mammals fluctuate
asynchronously. Conversely, short-term
removal of grass and shrub cover may
improve conditions for the owl to detect
and capture prey. Long-term loss of
grasses, forbs, and shrubs may promore
tree growth and cover that could decrease
prey abundance. Thus, grazing can pose
ecological tradeoffs.

2. Grazing that significantly reduces herba-
ceous ground cover and increases shrubs
and small trees can decrease the potential
for beneficial low-intensity ground fires
while increasing the potential for
destructive high-intensity vertical fires
(Zimmerman and Neuenschwander
1984). Low-intensity ground fires
prevent fuel accumulation, stimulate
nutrient cycling, promote grasses and
forbs, discourage shrubs and trees, and
perpetuate the patchiness that supports
small mammal diversity. Catastrophic
fire reduces or eliminates foraging,
wintering, dispersal, roosting, and
nesting habitat components.

3.  Excessive grazing in riparian areas can
reduce or eliminate important shrub,
tree, forb, and grass cover, all of which in
some capacity support the owl or its
prey. Excessive grazing can also physically
damage stream channels and banks
(Ames 1977, Kennedy 1977, Kauffman
et al. 1983, Blackburn 1984, Slovkin
1984, Clary and Webster 1989, Platts
1990.) Deterioration of riparian vegeta-
tion structure can allow channel widen-
ing. This event, in turn, elevates water
and soil temperatures and thus evapora-
tion and lowering of water tables, plus it
significantly increases the potential for
accelerated flood damage (Platts 1990).
These processes alter the microclimate
and vegetative development of riparian
areas, potentially impairing its use by
spotted owls.

4.  Excessive grazing, sustained for long
periods, can inhibit or retard an area’s
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ability to produce or eventually mature
into habitat for the owl or its prey. This
will probably prove to be an inevitable
consequence of the events and processes
described above.

The potential for grazing to influence
various components of spotted owl habitat
cannot be ignored. However, current predictions
of grazing effects on plant communities as they
relate to the owl are inexact. Thus, the integra-
tion of spotted owl needs and grazing manage-
ment will require coordination, and an interac-
tive and adaptive approach between protection,
restoration, and management.

RECREATION

Recreational activities may affect Mexican
spotted owls directly by disturbing nests, roosts,
or foraging sites. Disturbance may occur indi-
rectly through altered habitat caused by tram-
pling of vegetation, soil damage, or both. Devel-
oping new recreation facilities or expanding
existing facilities, such as campgrounds and
trails, may alter spotted owl habitat and habitat
use and perpetuate disturbance impacts caused
by recreation.

If a given recreational activity does not cause
habitat alteration, the Team assumes that that
activity generally has relatively low impact
potential with respect to spotted owls. However,
exceptions may exist in local situations or certain
RUs where the level of recreational activities is
high. Essentially, the determining factor of an
activity’s impact on spotted owls is a combina-
tion of its location, intensity, frequency, and
duration rather than simply its character.

Types of Recreation

Recreational activities fall into several catego-
ries; the number, size, and intensity of such
activities will vary with location. The following
general categories include most widespread
recreational activities that might affect spotted
owls and their habitat.



Camping

Although the effects of camping on spotted
owls have not been studied, disruption of nest-
ing, roosting, and foraging activities is a distinct
possibility. The character of camping varies
dramatically, however. One person may camp
alone in a small tent, whereas others may camp
in groups with motorhomes. The disparity in
character does not necessarily translate to distur-
bance potential, however. One person camping
in a nest grove could be more disruptive than 12
people camping in a foraging area. Therefore,
blanket generalizations about the impacts of
camping activities are inappropriate. These
activities should be assessed on a case-by-case
basis, considering factors such as the location of
the activity relative to the owls, the number of
individuals involved, the type of group involved,
and the frequency and duration of the activity.

Hiking

Hiking is typically a short-term activity, and
may bring a person into and out of an owl’s
presence relatively quickly. Most spotted owls
appear to be relatively undisturbed by small
groups (<12 people) passing nearby. Larger
groups are probably more disruptive, burt the
more serious threat of disturbance probably
arises where there is steady hiking traffic. Popular
trails through spotted owl habitat may attract
enough hikers to disturb owls. Certain kinds of
hiking activities may degrade portions of spotted
owl habitat, disrupt crucial behaviors, increase
susceptibility of owls to predation, or cause
abandonment of a nest area or key roost grove.
The potential for hikers to disturb owls is
probably greatest where hiking is concentrated in
narrow canyon bottoms occupied by nesting or
roosting owls. Again, we argue that blanket
statements about the effects of hikers on owls are
inappropriate, and recommend evaluation on a
case-by-case basis as described above.

Off-road Vehicles

Both motorized and nonmotorized vehicles
may degrade or destroy spotted owl habitat,
particularly meadow and shrub habitats vital to
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the owl’s prey. Noise produced by vehicles and
the vehicle riders may disturb spotted owls at
important nesting and roosting sites.

Rock-climbing

In some portions of its range, the spotted
owl! nests and roosts in shallow recesses and caves
associated with canyon walls and cliffs. Rock-
climbing activities in the vicinity of cliff-dwell-
ing spotted owls could disturb the owls, particu-
larly during the nesting season. This problem
could be partially alleviated by invoking seasonal
closures in areas of conflict. Again, case-by-case
evaluations of activities and their potential for
disturbance seem most appropriate.

Wildlife Viewing and Photographing

Because birders and wildlife photographers
actively seek spotted owls, their encounters may
be more disruptive than the accidental encoun-
ters associated with other recreational activities.
Such recreationists often make repeated visits
and may follow birds that flush. They often
employ hooting or mousing techniques to attract
the owls, and these behaviors, practiced to
excess, may disrupt owls’ territorial, mating, and
nesting activities.

Recreation Summary

Incidental encounters between spotted owls
and people pursuing some recreational activity
are relatively insignificant in most cases. In other
cases, there may be significant effects. These are
relatively uncommon, and are typically localized.
Consequently, these situations will usually
impact one or at most a few pairs of owls, and
are not likely to impact large portions of the owl
population. We believe that these situations are
best evaluated on a case-by-case basis.

In a broader sense, the construction of
recreation facilities, the loss of habitat to make
room for recreation facilities, the collective effect
of recreation traffic, and the compounding
effects of recreation in concert with other site-
specific disturbance factors make recreation
management an important consideration for
delisting.



SUMMARY

Part III of this Recovery Plan outlines
management guidelines to alleviate threats to the
spotted owl. These recommendations are based
largely upon the Team’s evaluation of the biology
of the owl as detailed in Volume II. From these
analyses, the Team has drawn the following
conclusions.

Mexican spotted owls generally occupy
remnants of the landscape that have experienced
minimal human discurbance. We acknowledge
that exceptions to this generalization occur.
These remnants include inaccessible canyons,
steep slopes, wilderness, and other environments
not heavily modified by humans. Persistence of
owls depends partly on these remnant patches,
but these environments alone may be insuffi-
cient to ensure long-term conservation of the
Mexican spotted owl. A key point here is that
not all human activies are detrimental to spotted
owls. In fact, if directed appropriately, some
human activities can be used to the owl’s benefit.
Consequently, management must focus on
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creating new habitat to replace remnants that
become no longer appropriate for the owl.
Creation of replacement habitat hinges on
understanding patterns of natural variation and
modifying human activities that might conflict
with the development of habitat. Natural varia-
tion across the landscape results from unique
biophysical conditions at each location on the
land. Further, effects of human activities are
equally variable across the landscape. Although
we cannot ascribe strict cause-effect relationships
of natural processes and human activities on
Mexican spotted owls, we can draw certain
inferences about their probable impacts. The
previous section detailing the conceprual frame-
work underlying the recovery measures provides
the rationale for those inferences. Thus, the
management recommendations (Part IIT) were
based on two interrelated sets of information: (1)
basic knowledge of Mexican spotted biology;
and (2) understanding how various natural
processes and human activities modify the
environment to maintain, develop, and alter
spotted owl habitat.
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A. DELISTING

Removing a species or subspecies from
threatened status becomes a primary manage-
ment objective the moment listing is finalized.
Listing a species as threatened affords more
protection to the species than it would normally
receive through other laws governing wildlife.
Specifically, “threatened” status implies that
human activities and/or natural disturbances
pose greater than normal risks to the entire
species or subspecies rather than just to individu-
als. Greater protection can manifest itself as
more explicit and careful regulation of human
activities. In some measure, a Recovery Plan
reconciles human needs and desires with the
survival needs of the threatened species or
subspecies. If successful, the reconciliation
process leads to an arrangement to accommodate
both people and the threatened species. Ulti-
mately, careful regulation of human activities
combines with careful management of natural
resources to allow removing the species from
threatened status, or “delisting.” Just as listing a
species requires a process of information gather-
ing and assessment, delisting requires a similar
process.

THE DELISTING PROCESS

Section 4 of the Act governs the listing,
delisting, and reclassification of species, the
designation of critical habitat, and recovery
planning. Regulations implementing listing,
delisting, reclassification, and critical habitat
designation are codified at 50 CFR 424.

The process of delisting a species or subspe-
cies is essentially the same as that of listing: a
proposed rule describing the justification for the
action is published in the Federal Register; a
public comment period is opened, including
public hearings if requested; and, within one
year of the proposal, either a final rule delisting
the species or a notice withdrawing the proposed
rule is published in the Federal Register.

In considering whether to delist a species,
the same five factors considered in the listing
process (see Part 1) are evaluated. While empha-
sis may be given to those factors leading to the
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species’ listing, all of the factors must be evalu-
ated in making a delisting determination.

Section 4(c)(2) of the Act directs the FWS to
conduct, at least once every five years, a review
of all listed species and determine for each
species whether it should be removed from the
list, reclassified from endangered to threatened,
threatened to endangered, or remain in its
current status. This Recovery Plan lists criteria
only for delisting the Mexican spotted owl. Any
decision to reclassify the subspecies to endan-
gered status will be made by the FWS either as a
result of the aforementioned mandatory review
or at any other time information becomes
available indicating that reclassification is appro-
priate.

Section 4(g) of the Act directs the FWS to
implement a system in cooperation with the
States to monitor effectively for not less than five
years the status of a species or subspecies that has
been delisted due to recovery. The provisions of
the Act do not apply to the delisted species
during this monitoring period. However, the
FWS could relist a species, through the standard
listing process, should monitoring indicate that
the species will decline without the Act’s protec-
tion.

DELISTING CRITERIA

We recognize that we lack data and authority
to prescribe and implement monitoring strate-
gies for Mexico. Thus, our recommendations
below apply only to the U.S. range of the
Mexican spotted owl. We recommend that
Mexican authorities develop similar delisting
criteria and monitoring schemes for delisting in
Mexico.

Five specific criteria must be met before the
Mexican spotted owl can be delisted in the U.S.
The first three criteria, which operate at a
multiple-RU level, must be satisfied before the
last two criteria, which operate at the RU level,
apply. These are the three overriding criteria:

1. The populations in the Upper Gila
Mountains, Basin and Range - East, and



Basin and Range - West RUs must be
shown to be stable or increasing after 10
years of monitoring, using a study design
with a power of 90% to detect a 20%
decline with a Type [ error rate (0) of
0.05.

2. Scdientifically-valid habitat monitoring
protocols are designed and implemented
to verify that (a) gross changes in
macrohabitat quantity across the U.S.
range of the Mexican spotted owl are
stable or increasing, and (b) microhabitat
modifications and trajectories within
treated stands meet the intent of the
Recovery Plan.

3. Along-term, U.S.-rangewide manage-
ment plan is in place to ensure appropri-
ate management of the subspecies and
adequate regulation of human activity
over ume.

Once these three criteria are satisfactorily
achieved, delisting may occur in any U.S. RU
that meets the final two criteria:

4. Threats to the Mexican spotted owl
within the RU are sufficiently moderated
and/or regulated.

5. Habitart of a quality to sustain persistent
Mexican spotted owl populations is
stable or increasing within the RU.

These criteria are, by design, redundant and
dependent. Meeting one criterion, to some
degree, requires meeting all or some portion of
the other criteria. Integrating the criteria is
unavoidable but nevertheless desirable. Progress
on one translates to progress on all.

Monitoring Population Trends

For a statistically valid monitoring design, we
suggest the quadrat sampling scheme described
in III.C. The three RUs where population
monitoring is required for delisting represent the
bulk of the known Mexican spotted owl popula-
tion in the U.S. No population delisting criteria
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are applied to the remaining U.S. RUs because
they would be difficult to monitor because of
the small, fragmented nature of the populations.

A premise for our population monitoring
approach is that the existing Mexican spotted owl
population in the U.S. is adequate. This premise
will be tested by monitoring population trends.
If the results of monitoring indicate that the
U.S. population is stable or increasing over the
next 10 to 15 years (assuming 10 years prior to
delisting followed by the required 5 years after
delisting), the Team is willing to accept that the
current population will remain viable in the
foreseeable future and to assume that the popula-
tion is recovered. That is, the Team believes that
if the current population is able to maintain
itself, or to increase, then the population has
exhibited evidence that it is of ample size to
persist.

Our basis for the parameters included in the
delisting criteria are as follows. The annual rate
of change of the population within a RU can be
estimated as = ]QfH]/Z\A/r. A population is stable if
A =1, decreasing if A < 1, and increasing if
A > 1. A 20% reduction over a 10-year period
implies a value of A = 0.978; i.e., A® = 0.80.

To conclude that a population is stable, we
fail to reject the null hypothesis that A = 1, or
alternatively, that the 95% confidence interval
on A includes 1. If we fail to reject this null
hypothesis, we want to ensure that the possible
rate of decline is very small. Thus, we suggest a
Type II error rate of 0.10, and for a 15-year
period, the annual estimate of A is
0.98523 = 0.8,

For this statistical test of trend, continued
persistence of the Mexican spotted owl popula-
tion means the Type II error rate is more impor-
tant than the Type I error rate. That is, a Type 1
error means that we mistakenly conclude that
the population is declining when it is not.
Although costly measures might be taken to
reverse our incorrect perception of the trend in
the owl population, the persistence of the
population is not threatened. In contrast, a Type
IT error means that we conclude the population
is stable or increasing when it is really declining,
Thus, persistence of the population could be in
jeopardy because measures would not be taken to
correct the decline. Therefore, we emphasize




that a low Type II error rate of f3 = 0.10 (power
is 1 - B = 0.90) must be met to delist the species.

Several biological reasons lead us to select a
time span of 10-15 years for monitoring. The
mean life span (MLS) of Mexican spotted owls
that reach adulthood falls within this range.
MLS is calculated as 1/(-log(S)), with S repre-
senting the adult survival rate. Using § = 0.8889
(SE = 0.0269), survival rates calculated from the
demographic study areas, the MLS is about 8.5
years. Calculating confidence intervals for MLS
yields 16.6 years as an upper age limit. Popula-
tion turnover rates provide another biological
argument for the time span (x) required for
delisting. For example, we can estimate the time
that it takes 90% of the youngest members of
the adult population to completely turn over, or
for 90% of the existing young adult birds to die.
Given the adult S of 0.8889, solving for x in
0.8889% =1 - 0.90 gives x = 19.6 years for 90%
of a given cohort of young birds to turnover. A
50% turnover would be 5.9 years, which would
correspond to the median life span. For x equals
10 years, 70% of the young adult population
will have turned over.

The time duration for the monitoring and
magnitude of change required to detect a popu-
lation decline are related. Thomas (1990) argued
that the minimum viable population size de-
pended on the temporal variation expected in a
population. Species with much temporal varia-
tion in their population size might normally
exhibit a 20% decline over a short period. We do
not expect Mexican spotted owl populations to
display much temporal variation. The most
variable aspect of their population biology is
probably recruitment, and years of little or no
recruitment may occur. However, because of the
high adult survival rate, the decline in the
population during a year of no recruitment
would still only be 11%. Thus, two consecutive
years of no recruitment would result in a 21%
decline. But the fecundity estimates presented by
White et al. (1995) suggest that no recruitment
is unlikely. Thus, we conclude that a 20%
decline over a 10-year period indicates the
population is truly declining and is not the result
of normal temporal variation.

The choice of a Type 1I error rate of 0.10 is
somewhat arbitrary. However, this value interacts
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with the choice of a 20% decline over the 10-
year period. Figure III.A.1 depicts a hypothetical
curve for power as a function of the size of the
effect being detected (labeled Detectable Effect
Size in the graph). We could specify that a 15%
change is detectable with a 67% power, or that a
25% change is detectable with a 94% power.
These statements are all equivalent in terms of
the effort required for the monitoring protocol
(as shown by the graph). This is because the
relationship between the detectable difference
and the power to detect this difference is fixed
by the monitoring effort (normally considered as
the sample size of the statistical procedure).
Thus, we have suggested that a 90% power to
detect a 20% decline over 10 years is a reason-
able point to fix the function that relates power
and magnitude of the detectable effect.

In summary, we believe 10 years is a reason-
able time span for monitoring because more
than half of the adult population has turned
over. Further, we expect that the population
would have been subjected to adequate environ-
mental variation during this 10-year period.
Once the species is delisted, the additional five
years of monitoring as required under the Act
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Figure I11.A.1. Hypothetical curve of the
statistical power to detect a trend in a popula-
tion.



should provide further assurance that the popu-
lation is not declining.

We believe that the delisting criterion
proposed here provides positive incentives to
land-management organizations to vigorously
pursue the proposed population monitoring
system. Delisting of the species depends on
providing clearly specified evidence that the
population is stable or increasing. The sooner
the responsible land-management organizations
begin the population monitoring, the sooner the
owl can be delisted.

Other Considerations of Population
Monitoring

The proposed procedure for population
monitoring only monitors the territorial popula-
tion of owls. Because nonterritorial owls (“float-
ers”) do not respond to the usual methods of
locating them (i.e., calling), the only method of
monitoring nonterritorial birds is via radio-
tracking. However, radio-tracking nonterritorial
birds would require large samples of juveniles to
be marked with radios, and these radios replaced
on the birds as necessary to maintain the batter-
ies as long as the individual remained in the
nonterritorial population. Placing radios on
spotted owls may alter their behavior and/or
survival (Paton et al. 1991, Foster et al. 1992),
making such an approach of questionable value.
Thus, the Team concludes that no viable method
of monitoring nonterritorial birds is available.

An alternative approach to monitoring
populations was considered, that of using demo-
graphic study areas. We decided against using
demographic studies for three reasons.

First, demographic study areas suffer from a
deficiency that is not inherent in the quadrar
place procedure described in [II.C. Demo-
graphic study areas are chosen at the beginning
of the monitoring period and must remain in
place to provide appropriate data to meet their
objectives. Because these study areas must be
permanently delimited, management practices
on them may not reflect those occurring on
other lands. In contrast, quadrats can be ran-
domly replaced in the sample to ensure that
habitat changes and management practices
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adequately reflect those occurring on lands
outside of the quadrats.

Second, the cost of demographic study areas
probably exceeds the cost of our proposed
quadrat monitoring approach. The cost of
conducting five demographic studies for the
California spotted owl is roughly equivalent to
the estimated cost of quadrat monitoring (J.
Verner, FS, PSW, Fresno, pers. comm). More
than five demographic study areas would be
needed for a valid population monitoring
scheme, thus putting the cost of demographic
study areas well above the costs of the proposed
quadrat sampling procedure.

Finally, the two existing demographic study
areas were not randomly selected from all pos-
sible demographic areas (thus not providing a
defendable sample). Thus, results from the
existing demography studies apply only to the
place where these studies were done. Further,
even if a demographic study approach was used,
these existing study areas may not be included in
the random sample needed for a statistically-
defensible monitoring scheme.

The problems outlined above with respect to
using demographic studies for monitoring do
not negate the usefulness of such studies. Demo-
graphic studies were designed to understand
aspects of spotted owl population biology and
provide a wealth of information on populations,
habitat characteristics, and parameters of owl
fitness. They were not designed to monitor
large-scale population trends.

Monitoring Habitat Trends

Ganey and Dick (1995) demonstrate that
the Mexican spotted owl uses specific habitat
characteristics. These features vary geographi-
cally, but within pine-oak and mixed-conifer
forests spotted owls use areas that contain large
trees, snags, high log volume, multistoried stand
structure, and other specific attributes. Presently,
habitat trends for the Mexican spotted owl are
unknown, and the subject of conflicting specula-
tion (IL.D). Clearly, adequate habitat of suffi-
cient quality must exist into the future to ensure
population viability. Consequently, habitat
monitoring is an essential part of the recovery



process and the bird should not be delisted until
monitoring can ensure unequivocally that
sufficient habitar exists to support a viable
population of spotted owls.

Habitat monitoring should address two
aspects: persistence of forest types that owls
prefer (macrohabitat) and specific habitat at-
tributes within those types (microhabitat). This
roughly corresponds to the coarse and fine filters
described in 11.D.

The first task, then, is to quantify large-scale
changes in macrohabitat across the range of the
bird. Given existing high fire risks and the
current state of southwestern forests, we expect
that net macrohabitat change over the next 10
years will be negative. Although some areas will
develop into habitat as the result of succession
and past management activities, the Team
assumes that (1) most acreage currently on a
trajectory to become habitat will not do so
during the life of the plan, and (2) some habirat
will be lost to fire during the next 10-15 years
(IL.D). Thus, the Team anticipates a slight
decline in the total acreage of spotted owl
macrohabitat during the short term. Unfortu-
nately, we cannot specify a priori a threshold
level of habitat loss that the spotted owl popula-
tion can safely endure. That relationship can
only be evaluated by combining the results of
population and habitat monitoring.

The second task for habitat monitoring is to
evaluate whether or not management prescrip-
tions were implemented effectively, and whether
treated stands will remain or become owl habitat
in the near future. Prescriptions pertain prima-
rily to the use of prescribed fire and various
silvicultural tools. Monitoring to meet this
objective would entail pre-treatment sampling to
measure existing habitat attributes, and post-
treatment sampling to verify that the prescrip-
tion met the intent of the treatment. Attributes
to be sampled include both those typically
measured during stand examinations and also
additional variables not typically measured but
that are strong correlates of owl presence (e.g.,
canopy covet, log volume). The general design
for measuring owl habitat can be modified to
monitor other ecosystem attributes as well. That
is, additional variables can be measured besides
those needed for spotted owls as required for
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other ecosystem management objectives. These
types of coordinated efforts will be crucial to
meeting the monitoring needs inherent to both
ecosystem and adaptive management.

Long-term Management Plan

As described in Part I, this Recovery Plan is
intended to guide management for Mexican
spotted owls over the next 10-15 years. If imple-
mented as recommended, significant research
will be conducted during this period and impor-
tant new information will become available,
specifically data on owl biology, population
structure, and effects of certain management
practices on owl habitat. Further, the guidelines
that we propose for managing restricted areas
(II1.B) will provide a foundation upon which
long-term management might be based. Evalua-
tion of this approach and the information
provided through research and monitoring will
be integral to developing and refining a long-
term plan for managing the Mexican spotted
owl. Such a plan will be required before delisting
can be considered.

Delisting at the RU Level

The Team recommends that once the popu-
lation and habitat are shown to be stable or
increasing, delisting should be considered at the
RU level. When delisting is considered, atten-
tion must focus on the resolution of known
threats and the identification of emerging threats
that could potentially compromise population
viability. Similarly, spotted owl habitat must be
monitored in each RU to determine trends.
Monitoring will reveal habitat decline, improve-
ment, or relative stability. The reasoning is that if
the threats are removed or adequately regulated
and if habitat trends are stable or showing
improvement, protection under the Act will no
longer be necessary. Conversely, a habitat decline
or a lack of adequate regulatory mechanisms
(other than provided by the Act) would warrant
continued protection under the Act.

The reasoning behind monitoring popula-
tion levels within three RUs and habitat in all
RUs is as follows. A viable core population will



exist in the three RUs if the population is shown
to be stable or increasing. Therefore, if habitat
rangewide is also stable or increasing, the core
population is provided the opportunity of
expanding its area and greatly increasing the
persistence probability of the subspecies. As
discussed by Keitt et al. (1995), some key
unoccupied habitat patches are potentially
significant in the expansion of the core popula-
tion.

Moderating and Regulating Threats

Threats to be moderated include those that
need site-specific treatment to alleviate them.
The primary threat throughout the forested U.S.
range of the Mexican spotted owl is the threat of
widescale, stand-replacing fire. For threats to be
considered as moderated, reasonable progress
must have been made in removing the threats
and adequate assurance, in the form of the long-
term management plan described above, must
exist that those programs will continue as neces-
sary.

Threats to be regulated include those result-
ing from agency management programs or other
anthropogenic activities that are either ongoing
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or reasonably certain to occur. A partial listing of
threats besides fire include:

1. Timber or fuelwood harvest that either
directly affects habitat within a territory
or indirectly affects the owl by collateral
activity adjoining owl territories;

2. urban and rural land development;
3. livestock and wildlife grazing;

4.  recreation involving both consumptive
and nonconsumptive activities.

Habitat Trends Within Recovery Units

For the spotted owl to be delisted within any
RU, the following conditions must be met. First,
threats to the continued loss of habitat and key
habitat components must be moderated and
regulated as detailed in the previous section.
Second, habitat trends must be monitored to
assess gross changes in habitat quantity within
each RU. Third, effects of modifying activities
within existing and potential spotted owl habitat
must be monitored to ensure that existing
habitat is maintained and potential habitat is
progressing towards becoming replacement
habitat.
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B. GENERAL APPROACH

The Recovery Plan recommendations are a
combination of (1) protection of both occupied
habitats and unoccupied areas approaching
characteristics of nesting habitat, and (2) imple-
mentation of ecosystem management within
unoccupied but potential habitat. The goal is to
protect conditions and structures used by spot-
ted owls where they exist and to set other stands
on a trajectory to grow into replacement nest
habitat or to provide conditions for foraging and
dispersal. By necessity this Plan is a hybrid
approach because the status of the Mexican
spotted owl as a threatened species requires some
level of protection until the subspecies is
delisted. These constraints modify ways and
opportunities to manage ecosystems within
landscapes where owls occur or might occur in
the future. We are applying ecosystem manage-
ment in two slightly different ways. Within
unoccupied mixed-conifer and pine-oak forest
on <40% slope, we provide both general (coarse
filter) and specific (fine filter) guidelines to
provide a sustainable quantity of replacement
nest habitat across the landscape. Within other
unoccupied forest and woodland types (e.g.,
ponderosa pine, spruce-fir, aspen, and pinyon-
juniper), general guidance is provided for man-
aging the landscape to meet multiple ecosystem
management objectives including spotted owl
foraging and dispersal habitat.

Management priority should focus on
actions to alleviate threats to Mexican spotted
owls; thereafter, or in coordination with alleviat-
ing threats, other management priorities (e.g.,
creating replacement owl habitat) should be
pursued. Two primary threats that managers
should focus on are catastrophic wildfire and the
widespread use of even-aged silviculture.

Heavy accumulations of ground and ladder
fuels have rendered many Southwestern forests
vulnerable to stand-replacing fires. Such fires
represent real and immediate threats to the
existence of spotted owl habitat. The manage-
ment guidelines that follow are intended to
provide land managers with flexibility to reduce
these fuel levels and abate fire risks. Fire manage-
ment should be given the highest priority.
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Even-aged silviculture within potential owl
habitat is regarded as a threat because it tends to
simplify stand structure and move stands away
from containing structures used by owls. We
recognize, however, that such regeneration cuts
may provide useful tools in certain circumstances
to manage for spotted owls and other ecosystem
objectives. Any use of even-aged management
should be done sparingly and only after careful
deliberation to ensure that it represents the best
approach to meet management objectives.

Under proposed delisting criteria the owl
could be delisted within 10 years, rendering the
protection measures in this Recovery Plan
obsolete. At that time, we anticipate having
sufficient knowledge to design a strategy for
long-term conservation of the Mexican spotted
owl. Many of the ecosystem management
guidelines provided in this Plan will provide a
foundation for development of the long-term
strategy. In formulating our recommendations,
we assume that population and habitat status
will be monitored in conjunction with imple-
mentation of these management guidelines. This
Recovery Plan is analogous to a three-legged
stool (Figure III.B.1); therefore, the manage-
ment guidelines are not meant to stand alone.
Monitoring provides objective criteria to assess
the efficacies of the management guidelines.
Without both habitat and population monitor-
ing, the status of the owl cannot be assessed and
it should not be delisted. We further assume that
existing management constraints on vegetative
manipulations (such as size of openings and
maintenance of hiding and thermal cover for
other species) will remain in place. This assump-
tion is especially critical for vegetation types--
ponderosa pine, pinyon-juniper, aspen, and
spruce-fir--for which we provide no specific
management recommendations.

ASSUMPTIONS AND GUIDING
PRINCIPLES

The recommendations proposed here are
based on several key assumptions about habitat
requirements of the Mexican spotted owl, and a
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Figure III.B.1. Conceptualization of the Recovery Plan and needs for delisting of the Mexican
spotted owl depicting the interdependency of population monitoring, habitat monitoring, and man-
agement recommendations.

,:

Owil Delisting

Management
Recommendations

Population
Monitoring

Habitat
Monitoring

number of guiding principles. These are enumer- 4.  Forested nesting/roosting habitat is
ated below. typically found in mixed-conifer, pine-
Assumptions oak, and riparian forests. Other habitat
types are used primarily for foraging,
dispersal, or wintering. Thus, the distri-
bution of nesting/roosting habitat is
naturally discontinuous. Further, the
potential distribution of such habitat is

quite limited in some areas.

1. Spotted owl distribution is limited
primarily by the availability of habitat
types used for nesting and/or roosting,

2. Habitats used for nesting/roosting also
provide adequate conditions for foraging

) L L 5. The presence of shade-intolerant species
and dispersal activities. Thus, providing P p

nesting/roosting habitat partially meets
other survival requirements as well. In
turn, some stand scructures not used for
nesting/roosting may provide adequate
conditions for other activities such as
foraging and dispersal. These include
some stands in younger seral stages than
typical nesting/roosting habitat.

Nesting/roosting habitat in forest envi-
ronments is typified by certain structural
features, including large trees and late
seral characteristics, which are common
in, but not restricted to, old-growth
forests.
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in many spotted owl nest/roost stands
suggests that these areas are dynamic and
have developed over time, often from
more open stands. Disturbance events
leading to forest canopy gaps may be
important in maintaining shade-intoler-
ant species, particularly in mixed-conifer
stands.

Existing stand structures used by Mexi-
can spotted owls for nesting/roosting
generally have not been a target of
planned silvicultural treatments. Where
such conditions exist in managed stands,
they are more than likely an unplanned




rather than purposeful result. The
existence of Mexican spotted owl nest-
ing/roosting habitat usually results from
the lack of recent alteration of forest
structures in certain landscapes.

Guiding Principles

1. Silviculcural applications must be evalu-
ated over time by rigorous monitoring
procedures to assess their effectiveness in
managing or creating owl habitat.

2. Obraining large trees is a function of
both time and site productivity. Simi-
larly, many late seral characteristics
typical of owl habitat, such as broken-
topped trees, snags, large downed logs
and the sharing of growing space among
multiple shade-tolerant and intolerant
species, are attained primarily through
time.

3.  Although this Recovery Plan represents a
short-term strategy, management actions
recommended herein will have long-
term consequences. Therefore, care
should be taken to preserve future
options while evaluating the effectiveness
of proposed treatments.

GENERAL RECOMMENDATIONS

General management recommendations for
use throughout the range of the Mexican spotted
owl are given here. These general recommenda-
tions apply primarily to forested areas, and
aspects of the recommendations are more appli-
cable to some locations than others. Because the
severity of potential threats varies among RUs,
the general guidelines should be prioritized and
applied accordingly. Specific management
priorities are emphasized in sections on indi-
vidual RUs, as warranted by the differences
among RUs.

Three levels of habitat management are
given in this Recovery Plan: protected areas,
restricted areas, and other forest and woodland
types (Figure [11.B.2). Protected areas receive the
highest level of protection under this plan, other
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forest and woodland types the lowest. Guidelines
proposed in this Recovery Plan take precedence
over other agency management guidelines in
protected areas. Guidelines for restricted areas
are less specific and operate in conjunction with
ecosystem management and existing manage-
ment guidelines. We propose no owl-specific
guidelines for lands not included in protected
and restricted areas; these areas will continue to
be managed under existing guidelines, assuming
that the emphasis is towards ecosystem manage-
ment.

One guideline that applies to all areas with
any potential for owl use is to inventory for
spotted owls before implementing any manage-
ment action that will alter habirtat structure. If
results of past inventory efforts can demonstrate
unequivocally that no spotted owls have been
detected within a given area or habitat and that
the probability of detecting a bird there is small,
then future surveys may not be needed. Under
such circumstances, concurrence must be
granted by the Recovery Team through the
appropriate RU working team.

Protected Areas

Protect all Mexican spotted owl sites known
from 1989 through the life of the Recovery Plan
(Protected Activity Centers), all areas in mixed-
conifer and pine-oak types (defined in IL.C) with
slope >40% where timber harvest has not oc-
curred in the past 20 years, and all legally and
administratively reserved lands. Specific guide-
lines and the rationale for these guidelines are

provided below.
Protected Activity Center (PAC)

Guidelines.—Eight specific guidelines pertain to
the designation and implementation of PACs.
These guidelines supersede steep slope guide-
lines; that is, steep slopes occurring within PACs

should be managed under PAC guidelines.

1. Establish PACs ar all Mexican spotted
owl sites known from 1989 through the

life of the Recovery Plan, including new
sites located during surveys. PACs should
also be established at any historical sites
within the Colorado Plateau, Southern
Rocky Mountains - Colorado, and
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Figure III.B.2.  Generalization of protection strategies by forest/vegetation type. Proportions are not
to scale.
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Southern Rocky Mountains - New
Mexico RUs. Identify the activity center
within each PAC. “Activity center” is
defined as the nest site, a roost grove
commonly used during the breeding
season in absence of a verified nest site,
or the best roosting/nesting habitat if
both nesting and roosting information
are lacking. Site identification should be
based on the best judgement of a biolo-
gist familiar with the area. Delineate an
area no less than 243 ha (600 ac) around
this activity center using boundaries of
known habitat polygons and/or topo-
graphic boundaries, such as ridgelines, as
appropriate (Figure I11.B.3). The bound-
ary should enclose the best possible owl
habitat, configured into as compact a
unit as possible, with the nest or activity
center located near the center. This
should include as much roost/nest
habitat as is reasonable, supplemented by
foraging habitat where appropriate. For
example, in a canyon containing mixed-
conifer on north-facing slopes and
ponderosa pine on south-facing slopes, it
may be more desirable to include some
of the south-facing slopes as foraging
habitat than to attempt to include 243
ha (600 ac) of north-slope habitat. In
many canyon situations, oval PACs may
make more sense than, for example,
circular PACs; but oval PACs could still
include opposing canyon slopes as
described above. All PACs should be
retained for the life of this Recovery
Plan, even if spotted owls are not located
there in subsequent years. A potential
exception to this rule is described in #8
below. Feedback on PAC delineation
should be provided to managers through
RU working groups (see Part IV). PAC

boundaries may not overlap.

No harvest of trees >22.4 cm (9 in) dbh
is allowed in PACs. Harvest of any trees
is only permitted as it pertains to 5
below.

Fuelwood harvest within PACs should be

managed in such a way as to minimize
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effects on the owl, its prey, and their
habitats. The most effective management
to meet these objectives may be to
prohibit such harvest. However, we
recognize that it may be virtually impos-
sible to enforce such a prohibition and
restrict access to all PACs for fuelwood
harvest. When fuelwood harvest in PACs
is unavoidable, we advocate the use of
various forms of management that can
regulate access to PACs and to the types
of fuels harvested. Potential forms of
fuelwood management include road
closures, prohibiting harvest of impor-
tant tree species such as oaks, prohibiting
harvest of key habitat components such
as snags and large downed logs (>30 cm
[12 inch] midpoint diameter), and
encouraging the harvest of small diam-
eter conifers in accord with 5c¢ below.
Prohibiting fuelwood harvest of key
habitat components such as oaks, snags,
and large logs should be applied both
inside and outside of PACs to ensure that
these special components remain on the
landscape.

Road or trail building in PACs should
generally be avoided but may be allowed

on a case-specific basis if pressing man-
agement reasons can be demonstrated.

Implement a program consisting of
appropriate treatments to abate fire risk.
The intent of this program is to assess
the combined effects of thinning and fire
on spotted owls and their habitat. The
program should be structured as follows:

a) Select up to 10% of the PACs within
each RU that exhibirt high fire risk
conditions. Nest sites must be known
within these PACs. Ideally, a paired
sample of PACs should be selected to

Serve as COI‘lU‘Ol areas.

b) Within each selected PAC,
designate 40 ha (100 acres)
centered around the nest site.

This nest area should include
habitat that resembles the structural
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Figure II1.B.3. Examples of protected activity center (PAC) boundaries from the Lincoln National

Forest. Prepared by D. Salas and L. Cole, Lincoln NE

13 September 1995
Scale 1:24,000

N

GIS Praoject Reference #95-71

~ Spring16

] Home Range Boundary
Owlpt

o Owl Nest Site
Msopacs
[[] 600 Acre PAC Boundary
Pacsite
=3 ASPEN
B MEADOW GRASS
[#8: MIXED CONIFER
B OAK
~ = PINYON-JUNIPER
i PONDEROSA PINE

13 September 1995
Scale 1:24,000

N

GIS Project Reference #95-71

Lnewman
[_] Home Range Boundary
Owlpt
e OwlNest Site
Msopacs
] 600 Acre PAC Boundary
Pacsite
T ASPEN
I MEADOW GRASS
#Es MIXED CONIFER
. OAK
i PINYON-JUNIPER

BB PONDEROSA PINE

o=t

sman TDaee TIT

Wl



and floristic characteristics of the
nest site. These 40 ha (100 acres) will
be deferred from the treatments

described below.

c) Within the remaining 203 ha (500
acres), combinations of thinning
trees <22.4 cm (9 inches) dbh,
treatment of fuels, and prescribed fire
can be used to reduce fire hazard and
to improve habirat conditions for
owl prey. Habitat components that
should be retained or enhanced
include large logs (>30 cm [12
inches] midpoint diameter), grasses
and forbs, and shrubs. These habitat
components are strong correlates of
the presence of many key prey
species of the owl. Emphasis of the
spatial configuration of treatments
should be to mimic natural mosaic
patterns.

d) Treatments can occur only during
the nonbreeding season (1 Septem-
ber-28 February) to minimize any
potential deleterious effects on the
owl during the breeding season.

e) Following treatments to 10% of the
PACs, effects on the owl, prey
species, and their habitats should be
assessed. If such effects are non-
negative, an additional sample of
PACs may be treated. If negative
effects are detected, these effects
must be carefully evaluated. If they
can be ameliorated by modifying
treatments, those modifications
should occur prior to treatment of
additional PACs. If not, no addi-
tional treatments should be permit-

ted.

Wichin the remaining PACs, light
burning of ground fuels may be allowed
within the 500 acres surrounding the
100-acre PAC centers (5b above), follow-
ing careful review by biologists and fuels
management specialists on a case-specific
basis. Burns should be designed and
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implemented to meet the objectives
noted in 5S¢ above. Burns should be done
only during the nonbreeding season

(1 September-28 February).

Within PACS treated to reduce fire risk,
either by the use of prescribed fire alone
or in conjunction with mechanical
removal of stems and ground fuels, pre-
and post-treatment assessments (i.c.,
monitoring) of habitat conditions and
owl occupancy must be done. Specific
habitat characteristics that should be
monitored include fuel levels, canopy
cover, snag basal area, volume of large
logs (>30 cm [12 inch] midpoint diam-

eter), and live tree basal area.

If a stand-replacing fire occurs within a
PAC, timber salvage plans must be
evaluated on a case-specific basis. In all
cases, the PAC and a buffer extending
400 m from the PAC boundary must be
surveyed for owls following the fire. A
minimum of four visits, spaced at least
one week apart, must be conducted
before non-occupancy can be inferred. If
the PAC is still occupied by owls or if
owls are nearby (i.e., within 400 m of the
PAC boundary), then the extent and
severity of the fire should be assessed and
reconfiguration of the PAC boundaries
might be considered through section 7
consultation. If no owls are detected,
then section 7 consultation should be
used to evaluate the proposed salvage
plans. If informal consultation cannot
resolve the issue within 30 days, the
appropriate RU working team should be
brought into the negotiations.

Salvage logging within PACs should
be the exception rather than the rule.
The Recovery Team advocates the
general philosophy of Beschta et al.
(1995) for the use of salvage logging. In
particular: (1) no management activities
should be undertaken that do not
protect soil integrity; (2) actions should
not be done that impede natural recovery
of disturbed systems; and (3) salvage



activities should maintain and enhance
native species and natural recovery
processes. Further, any salvage should
leave residual snags and logs at levels and
size distributions that emulate those
following pre-settlement, stand-replacing
fires. Scientific information applicable to
local conditions should be the basis for
determining those levels.

Rationale—The primary objective to be
achieved by these guidelines is to protect the best
available habitat for the Mexican spotted owl,
while maintaining sufficient flexibility for land
managers to abate high fire risks and to improve
habitat conditions for the owl and its prey. We
assume that the best available owl habitat is that
which is currently occupied by owls, or that
occupied by owls in the recent past (since 1989).
The median size of the adaptive kernel contour
enclosing 75% of the foraging locations for 14
pairs of radio-marked owls was 241 ha (595 ac).
Therefore, a 243 ha (600 ac) PAC should
provide a reasonable amount of protected
habirat and should provide for the nest site,
several roost sites, and the most proximal and
highly used foraging areas. We assume that
existing management guidelines and those
discussed below for areas outside of PACs will
ensure the existence of additional habitat appro-
priate for foraging.

The intent of these guidelines is not to
preserve these PACs forever, but rather to
protect them until it can be demonstrated that
we can create replacement habitat through active
management. We describe below in the section
covering restricted areas the approach for manag-
ing to create replacement habitat. Once land
managers demonstrate that they can create
replacement habitat, and when monitoring
indicates that populations and habitats are stable
or increasing, PACs could be abolished in
conjunction with delisting the owl.

The Team recognizes that protection status
carries some risk with respect to probabilities of
catastrophic fire. The reason for the proposed
management within PACs is to encourage a
proactive approach to reduce fuel risks and
simultaneously enhance prey habitat. If these
objectives are achieved, existing owl habitat will
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be maintained and in some cases enhanced,
while identified risks of carastrophic fire will be
lessened.

Salvage logging in PACs should be allowed
only if sound ecological justification is provided
and if the proposed actions meet the intent of
this Recovery Plan, specifically to protect exist-
ing habitat and accelerate the development of
replacement habitat. Fires within PACs are not
necessarily bad. In many cases, patchy fires will
result in habitat heterogeneity and may benefit
the owl and its prey. In such cases, adjustments
to PAC boundaries are probably unnecessary and
salvage should not be done. Salvage should be
considered in PACs only when the fire is exten-
sive in size and results in the mortality of a
substantial proportion of trees.

Steep Slopes (outside of PACs)

Guidelines—Within mixed-conifer and pine-
oak types, allow no harvest of trees >22.4 cm (9
inches) on any slopes >40% where timber
harvest has not occurred in the past 20 years.
(Mixed-conifer and pine-oak types found on
steep slopes that have been treated within the
past 20 years are managed under restricted area
guidelines below). These guidelines also apply to
the bottoms of steep canyons. Thinning of trees
<22.4 cm (9 inches) dbh, treatment of fuels, and
fire are allowed, as discussed in 5¢ above. No
seasonal restrictions apply, however. Prescribed
natural fire is also permitted as is the creation of
fire breaks on a case-specific basis.

On steep slopes treated to reduce fire risk,
either by the use of prescribed fire alone or in
conjunction with removal of stems and ground
fuels, pre- and post-treatment monitoring of
habitat conditions should be done. Specific
habitat characteristics to be measured include
fuel levels, snag basal area, volume of large logs
(>30 cm midpoint diameter), and live tree basal
area.

Rationale.—The objective of prohibiting timber
harvest but allowing treatment of fuels and
burning is to retain additional habitat with
existing conditions similar to owl nesting/
roosting habitat while reducing fire risks. These



conditions appear to be found commonly in
mature/old-growth stands, and such stands are
now found most commonly on steep slopes
because past management practices have largely
occurred on slopes <40%. We have restricted
these guidelines only to the mixed-conifer and
pine-oak types because existing information
indicates that the owl favors these types for
nesting and roosting (Ganey and Dick 1995).

These guidelines depart somewhat from
recent management for steep slopes on south-
western FS lands. R. Fletcher (FS Southwestern
Region, Albuquerque, NM, comment submitted
on draft Recovery Plan) noted that only about
1,215 ha (3,000 acres) of steep slopes have been
treated since 1987. Our guidelines emphasize
that greater acreage should be treated through
thinning and fire if threats of catastrophic fire
are to be decreased on steep slopes. We have
excepted steep slopes that been harvested in the
recent past because many of these areas may not
currently exhibit the forest structure spotted owls
use for nesting or roosting. Guidelines for
restricted areas apply to these lands.

Reserved Lands

Guidelines.—Encourage the use of prescribed
natural fire where appropriate in Wilderness,
Research Natural Areas, and other reserved
lands.

Rationale.—Prescribed natural fire may be
beneficial to owl habitat in several ways. First, it
can aid in reducing fuel loads and risk of cata-
strophic wildfire resulting in loss of habitat over
large areas. Second, it can create a diverse land-
scape with considerable horizontal heterogene-
ity. This seems to be relatively characteristic of
many areas occupied by spotted owls and also
provides for a diverse prey base. Third, it can
create conditions that maintain shade-intolerant
species such as ponderosa pine or Gambel oak in
the landscape. Prescribed fires should be used
carefully in spotted owl habitat, however; and
the results should be monitored to evaluate the
effects on habitat components suspected to be
important to the spotted owl and its prey, such
as large snags and logs.
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Restricted Areas

Not all lands can or should receive equal
protection. We provided guidelines above to
protect all occupied nesting and roosting habitat,
as well as unoccupied steep slopes and reserved
lands. Potential exists, however, for the owl to
use other, unoccupied areas. Thus, we provide
additional guidelines to maintain and develop
potential nesting and roosting habitat now and
into the future. The guidelines that we present
are stratified by broad vegetative cover types:
mixed-conifer forest, pine-oak forest, and ripar-
ian areas. Definitions for pine-oak and mixed-
conifer forests as applicable to these recovery
measures are given in [L.C.

For the most part, these guidelines apply to
planning areas. Planning areas can be diversity
units, sale planning areas, or ecological areas, all
places where management activities are consid-
ered and evaluated. The intent is to spread
activities over the landscape rather than concen-
trating them in particular areas. Management
within restricted mixed-conifer and pine-oak
forests is derived from concepts of ecosystem
management. Ecosystem management, however,
requires ecological assessments at hierarchies of
spatial scales (Kaufmann et al. 1994:6). Thus,
although management is applied to planning
areas, it is crucial that the impacts are assessed at
larger spatial scales (e.g., landscape, subregional,
and regional scales).

The underlying objective of the following
guidelines is to manage the landscape to main-
tain and create replacement owl habitat where
appropriate, while providing a diversity of stand
conditions and stand sizes across the landscape.
As noted previously, we assume that the primary
limiting factor for Mexican spotted owls is the
amount of nesting habitat. A logical conclusion
from this premise is that the landscape should be
managed to sustain owl nesting habitat well
distributed spatially. Because various natural
processes lead to the development, maturation,
and senescence of such stands through time,
management should allocate stands in such a
way as to mimic the natural landscape. We also
assume that providing a continuous supply of
nesting and roosting habitat requires that re-
maining stands be in various stages of ecological



succession. The landscape mosaic resulting from
such an allocation should ensure adequate
nesting, roosting, and foraging habitat for the
owl, and habirats for its variety of prey.

Existing Conditions

Ideally, assessments of existing conditions
should follow the spatial hierarchy presented by
Kaufmann et al. (1994:6). At the very least,
existing distributions of seral stages should be
assessed at the planning level, landscape, subre-
gional, and regional scales (sensy Kaufmann et al.
1994). We recognize that information may be
inadequate to conduct assessments at larger
spatial scales, but this constraint should be
ameliorated as resource agencies continue to
acquire appropriate data. Existing vegetative
conditions within mature-old stands must also
be assessed to determine the treatment potentials
within those stands. However, given the high
frequency of recent stand-altering disturbances,
many areas are likely deficient in mature to old-
growth forests. Thus, any treatments to these
stands should be applied judiciously, if at all.

Reference Conditions

Nesting and roosting target/threshold
conditions.—Forested stands used by spotted
owls have certain structural features in common.
These conditions do not, nor can they, occur
everywhere. For example, many south-facing
slopes may never attain this type of forest struc-
ture. It is impossible for us to imagine every
possible management scenario, and this limits
our ability to formulate specific guidelines that
would be appropriate to all situations. Our
intent here is to protect appropriate nesting
habitat structure where it exists and manage
other stands to develop the needed structure.
Although our knowledge of spotted owl
habitat is incomplete, nesting/roosting stands
exhibit certain identifiable features, including
high tree basal area, large trees, multi-storied
canopy, high canopy cover, and decadence in the
form of downed logs and snags (Ganey and Dick
1995). Further, these stands often contain a
considerable hardwood component generally
provided by Gambel oak in ponderosa pine-
Gambel oak forests and by various species (e.g.,
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oaks, maples, box elder, aspen) in mixed-conifer
forests.

We used tree basal area, large tree (>45.7 cm
[18 in] dbh) density, and tree size-class distribu-
tion as the variables to define target/threshold
conditions (Table II1.B.1). Other variables such
as snags and downed logs are important as well.
We assume that if the basal area and tree density
levels given in Table II[.B.1 exist, adequate
amounts of snags and downed logs (and other
habitat elements) should be present.

The values provided in Table II1.B.1 repre-
sent targets in that they define the desired
conditions to be achieved with time and man-
agement. They also represent threshold condi-
tions in that they define minimal levels that
must be maintained. That is, activities can occur
within stands that exceed these conditions, but
the outcome of such activities cannot lower the
stands below the threshold levels unless large-
scale ecosystem assessments demonstrate that
such conditions occur in a surplus across the
landscape (sce below). Note that all values must
be met simultaneously for a stand to meet target/
threshold conditions.

We used two primary types of information
to define target/threshold conditions. First, we
used quantitative descriptions of site- and stand-
level habitat conditions. Second, we estimated
the proportion of the landscape that could
sustain those conditions through time. A similar
approach was provided for managing northern
goshawk habitat in the southwest (Reynolds et
al. 1992). Thus, our approach is not without
precedence.

Despite repeated attempts by the Recovery
Team to obtain data from land-management
agencies and researchers, only limited data were
available for our analyses. We used nest-site data
collected by SWCA (1992) which included plot
measurements centered (1) at each nest location,
(2) a random location within each nest stand,
and (3) a random location within a stand adja-
cent to the nest stand (see Ganey and Dick
[1995] for more detailed information). We also
used FS stand inventory data provided by the
Coconino, Apache-Sitgreaves, and Lincoln
National Forests. These data consisted of stand-
level data stratified by nest, core, and territory
stands. Core and territory delineations were
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Table II1.B.1. Target/threshold conditions for mixed-conifer and pine-oak forests within restricted areas. Forest types are defined in I1.C.

% stand % stand % stand
Recovery Units density of trees density of trees density of trees
Forest type % of areal (12-18 in) (18-24 in) (>24 in) area? trees’
Basin and Range - East RU
Mixed-conifer 20 10 10 10 32 (150) 49 (20)
Mixed-conifer 10 10 10 10 39 (170) 49 (20)
All RUs, except Basin and Range - East RU
Mixed-conifer 25 10 10 10 32 (150) 49 (20)
Mixed-conifer 10 10 10 10 39 (170) 49 (20)
Colorado Plateau, Upper Gila Mountains, Basin and Range - West RUs
Pine-oak* 10 15 15 15 32 (150) 49 (20)

% of area pertains to the percent of the planning area, landscape, subregion, and region that must meet target/threshold conditions. For mixed-conifer forests within
Basin and Range - East and then for all other RUs, the percentage figure on the second line is a subset of the percentage figure given immediately above.

% Basal area is m*/ha (ft*/acre).

® Trees >45.7 cm (18 inches) dbh. Density is trees/ha (trees/acre).

4 For pine-oak, 4.6 m?*/ha (20 fc*/acre) of oak must be provided as a threshold/target condition.



based on FS management guidelines for the
Mexican spotted owl provided by ID No. 2 (see
Part I). We had no way to assess the accuracy of
the data. Different methods were used to collect
the SWCA data from those used to collect the
ES data, thus direct comparisons are tenuous.
Neither data set was collected specifically to
address our objectives; thus, the data were less
than optimal for our purposes. Further, numer-
ous people collected data and we cannor assess
inter-observer variation (Block et al. 1987). As
obvious as these points may be, they greatly
limited the inferences that we could make based
on our analyses. Thus, we relied on our best
professional judgement to evaluate the analyses
and formulate our recommendations.

We explored several analyses to derive target/
threshold conditions including empirical
univariate and multivariate analyses, and model-
ing. Most analyses converged on a set a values
that were validated by existing data on spotted
owl nesting habitat.

We used the following approach. First, we
used the SWCA (1992) data to characterize nest
stands on the basis of tree basal area, density of
large trees, and the distribution of stand density
by size classes. Next, we used the available FS
stand data to identify the percentage of the
contemporary landscape that simultaneously
meets these values. Third, we modeled forest
stands under various post-disturbance/stand
initiation conditions using the Forest Vegetation
Simulator (Wykoft et al. 1982, Dixon 1991,
Edminster et al. 1991). This model allowed us to
predict the amount of time that a stand would
be in each successional stage, including the
amount of time the stand would retain or exceed
the characteristics required for nesting and
roosting. Knowledge of how long a stand meets
or exceeds target conditions was used to estimate
the proportion of the landscape that should meet
or exceed these stand conditions at a given time.

Analyses were conducted separately for
mixed-conifer and pine-oak forests. We also
provide two sets of values for mixed-conifer
forest that reflect different target/threshold
values which are applied to different proportions
of the landscape (Table II1.B.1). We reiterate
that all target/threshold values must be met
simultaneously. For example, within mixed-
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conifer forests in all RUs except Basin and Range
- East, 25% of the landscape should consist of
stands that have >32 m*/ha (150 ft’/acre) of tree
basal area, and include >49 trees/ha (20 trees/
acre) thar are >45.7 cm (18 inches) dbh. Man-
agement should strive for an even distribution of
stand density across all sizes classes with no less
than 10% of the distribution of stand density in
each of the upper three size classes: 30.5-45.7 cm
(12-18 inches), 45.7-61.0 cm (18-24 inches),
and >61.0 cm (24 inches). Also, 10% of the toral
landscape (a subset contained within the 25%
discussed above), should have >39 m?/ha (170
ft*/acre) of basal area in addition to the large
trees and distribution of trees by size class.
Target/threshold conditions for mixed-conifer
forests in the Basin and Range - East RU differ
slightly in that landscape percentages are 20%
and 10%. The areal percentage for Basin and
Range - East RU is lower (20% compared to
25%) because of the high density of owls in the
Sacramento Mountains which effectively places a
large proportion of the landscape in protected
status. Target/threshold conditions apply to only
10% of the pine-oak forest (Table 111.B.1). -
Target/threshold conditions for pine-oak forests

also require that >4.6 m*/ha (20 ft’/acre) of oak
basal area be present, and that all oaks >13 cm [5
inches] dbh be retained (Table I11.B.1).

Coarse Filter

We recognize that most project planning
occurs at limited spatial scales such as 4,050 ha
(10,000 acre) blocks. This limited spatial scale
precludes ecological assessments at larger scales.
Because of this limitation, the areal percentages
provided in Table II1.B.1 should be regarded as
minimum levels for a given planning area. If a
deficit occurs within the planning area, addi-
tional stands should be identified that (1) have
the site potential to reach target conditions and
(2) whose current conditions most closely
approach those conditions. Those stands should
then be managed to achieve target conditions as
rapidly as possible. However, if the proportion of
the planning area that meets target conditions is
greater than the percentages in Table I11.B.1,
none of those stands can be lowered below
threshold conditions until ecosystem assessments
at larger spatial scales (landscape, subregion,



region) demonstrate that target conditions
exceed the required areal percentages (Table
I11.B.1) at these larger scales. This does not
preclude use of treatments to reduce fire risks or
lessen insect or disease problems nor does it
preclude management to meet other ecosystem
objectives as long as stand-level conditions
remain at or above the threshold values given in

Table II1.B.1.

Fine Filter

Overriding Guidelines—Management activities
that influence the owl and its habitat should be
conducted according to the following overriding
guidelines:

1. Manage mixed-conifer and pine-oak
forest types to provide continuous
replacement nest habitat over space
and time. Treatment of a particular
stand depends on its capability to atrain
the desired stand conditions. Target
stand structure would be the described
conditions for nesting and roosting
habitat (Table I11.B.1) but only the
portion of the landscape that can be
sustained through time should be in
that condition.

2. Incorporate natural variation, such as
irregular tree spacing and various stand/
patch sizes, into management prescrip-
tions and attempt to mimic natural
disturbance patterns.

3. Maintain all species of native vegetation
in the landscape, including early seral
species. To allow for variation in existing
stand structures and provide species
diversity, both uneven-aged and even-
aged systems may be used as appropriate.

4. Allow natural canopy gap processes to
occur, thus producing horizontal varia-
tion in stand structure.

Specific Guidelines—The following guidelines
are intended to minimize threats to the Mexican
spotted owl, retain and enhance important but
difficult-to-replace habitat elements, and provide
management flexibility.
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Emphasis should be placed on uneven-
aged management systems. Existing
stand conditions will determine which
silvicultural system is appropriate.

Extend rotation ages for even-aged
stands to >200 years. Silvicultural pre-
scriptions should explicitly state when
vegetative manipulation will cease until
rotation age is reached. This age may
depend on site quality, but ceasing
activity at 140 years and allowing 60
years for unaltered stand maturation and
senescence seems reasonable.

Within pine-oak types, emphasis should
be placed on management that retains
existing large oaks and promotes the

growth of additional large oaks.
Retain all trees >61 cm [24 in] dbh.

Retain hardwoods, large down logs, large
trees, and snags.

Management priority should be placed
on reducing identified risks to spotted
owl habitat. The primary existing threat
is catastrophic wildfire. Thus, we
strongly encourage the use of prescribed
and prescribed natural fire to reduce
hazardous fuel accumulations. Thinning
from below may be desirable or necessary
before burning to reduce ladder fuels and
the risk of crown fire. Such thinning
must emphasize irregular tree spacing.

No stand that meets threshold condi-
tions can be treated in such a way as to
lower that stand below those conditions
until ecosystem assessments can docu-
ment that a surplus of these stands exist
at larger landscape levels (e.g., no less
than the size of a FS District). This does
not preclude use of treatments to reduce
fire risks or lessen insect or disease
problems, nor does it preclude manage-
ment to meet other ecosystem objectives
as long as stand-level conditions remain

at or above the threshold values given in
Table II1.B.1.



Rationale.—The collective goal of these general
and specific guidelines is to provide spotted owl
habitat that is well distributed over space and
time. To accomplish this goal requires maintain-
ing or creating stand structures typical of nesting
and roosting habitats and sustaining them in
sufficient amounts and distribution to support a
healthy population of Mexican spotted owls. A
few guidelines merit further comment.

Retaining large trees is desirable because they
are impossible to replace quickly and because
they are common features of nesting and roost-
ing habitats for the owl. Fire, viewed as a natural
formative process rather than as a destructive
anthropogenic process, can be used advanta-
geously to maintain or improve spotted owl
habitat.

The guidelines presented above should not
be misconstrued as onetime management events.
For example, large trees and snags are required
by the spotted owl and will continue to be
needed by the owl in the future. Further, the
approach outlined above provides a foundation
for the development of a long-term management
strategy. Once the owl is delisted, we expect that
this general template can be evaluated, fine-
tuned, and possibly applied to PACs and steep
slopes.

Riparian Communities

Guidelines—The goals of these guidelines are
to maintain healthy riparian ecosystems where
they exist and initiate restoration measures to
return degraded areas to healthy conditions.

1. Maintain riparian broad-leaved forests in
a healthy condition where they occur,
especially in canyon-bottom situations.
Where such forests are not regenerating
adequately, active management may be
necessary. Possible actions to restore
these forests may include reducing
grazing pressure, establishing riparian
exclosures to manage forage use better,
and shifting to winter grazing seasons.

2. Restore lowland riparian areas. Spotted
owls once nested in riparian gallery
forests. Conceivably, restored riparian
forests could contribute additional
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nesting habitat in the future and could
also create a landscape that is more
effectively connected for dispersing owls.

3. Emphasize a mix of size and age classes
of trees. The mix should include large
mature trees, vertical diversity, and other
structural and floristic characteristics that
typify natural riparian conditions.

Rationale— e assume that riparian forests
provide important habitat for spotted owls.
Many riparian systems within the range of the
Mexican spotted owl are extremely degraded as
the result of past management practices. Because
many of these systems are degraded and little
documentation of recent owl use exists, we have
little empirical information upon which to
provide specific guidelines. Thus, our underlying
premise is that if riparian systems are restored to
more natural conditions, the needs of the owl
(and numerous other species) will be satisfied.
This is particularly true in canyon-bottom
situations at middle and lower elevations where
little other typical nesting or roosting habitat
may be available. We know that canyon bottoms
are used extensively by the owl, thus it is impor-
tant to preserve and increase the quality of such
habitat. We anticipate that PACs will include
some of the best of this type of habitat that still
exists, but increasing the quantity and distribu-
tion of healthy riparian habitats provides the
potential for increasing spotted owl habitar.
Furthermore, maintenance of existing healthy
riparian systems and restoration of those that are
degraded will benefit numerous riparian-depen-
dent flora and fauna, and ecosystem health
across the landscape.

Other Forest and Woodland Types

We propose no specific guidelines for several
forest and woodland community types where
they occur outside PACs. These include ponde-
rosa pine, spruce-ﬁr, pinyon-juniper, and aspen
as defined in I1.C. We emphasize, however, that
the lack of specific management guidelines
within this plan does not imply that we regard
these types as unimportant to the Mexican
spotted owl.



The Team's rationale for these recommenda-
tions is based on extant information on the
natural history of the Mexican spotted owl as
summarized in Part II.A and detailed in Volume
I1. These forests and woodlands are not typically
used for nesting and roosting. However, they
may provide habitat for foraging and possibly for
both dispersing and wintering spotted owls. Our
grasp of the owl’s natural history regarding these
behaviors is incomplete, so we do not fully
understand the structural features the owl
requires for pursuing these activities in these
forest and woodland types. Furthermore, some
of the best foraging habitat should be protected
in PACs. All of these circumstances allow us to
be less restrictive in these community types
without harming the owl or compromising its
primary habitat.

With the exception of the acreage of these
types contained within PACs, we assume that the
remaining lands are used primarily for
foraging, wintering, migration, and dispersal.
Thus, we contend that existing and planned
management for these types will maintain or
improve habitat for these needs of the owl. This
contention is based largely on the assumption
thar existing old-growth areas will be maintained
across the landscape, silvicultural practices will
favor selection over regeneration cuts, and
management will be guided by ecosystem
approaches that strive to provide sustainable
conditions across the landscape that fall within
the natural range of variation.

Guidelines developed for protected and
restricted areas may have useful applications
when judiciously administered in these other
forest and woodland types. Such guidelines
include managing for landscape diversity, mim-
icking natural disturbance patterns, incorporat-
ing natural variation in stand conditions, retain-
ing special features such as snags and large trees,
and utilizing fires as appropriate. We also em-
phasize the need for proactive fuels management
where appropriate. Decreasing fire risks within
these types, particularly ponderosa pine forests,
will also decrease fire risks to adjoining protected
and restricted areas by minimizing the probabil-
ity of large landscape-level crown fires that could

impinge upon occupied or potential nesting
habitat.
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GRAZING RECOMMENDATIONS

The explicit goals of managing grazing in
spotted owl habitat reflect the four manifested
influences of grazing discussed in I1.D. Those
influences were (1) altered prey availability, (2)
altered susceptibility to fire, (3) degeneration of
riparian plant communities, and (4) impaired
ability of plant communities to develop into
spotted owl habitat. The goals then become (1)
to maintain or enhance prey availability, (2) to
maintain potential for beneficial ground fires
while inhibiting potential for destructive stand-
replacing fire, (3) to promote natural and
healthy riparian plant communities, and (4) to
preserve the processes that ultimately develop
spotted owl habirat.

The Team strongly advocates field monitor-
ing and experimental research related to the
impacts of grazing on the Mexican spotted owl.
Only through monitoring and research can we
(1) develop a comprehensive understanding of
how grazing affects the habitat of the owl and irs
prey; (2) determine the effectiveness of current
grazing standards and guidelines as they relate to
the owl’s needs; and (3) devise grazing strategies
that can benefit the owl and its prey.

Grazing Guidelines

The following guidelines should be applied

to all protected and restricted areas:

1.  Monitor grazing use by livestock and
wildlife in “key grazing areas.” Key
grazing areas are primarily riparian areas,
meadows, and oak types. Monitoring
should begin by determining current
levels of use plus current composition,
density, and vigor of the plants. Ulu-
mately, monitoring should detect any
change in the relative composition of
herbaceous and woody plants. The intent
is to maintain good to excellent range
conditions in key areas while accommo-
dating the needs of the owl and its prey.



2. Implement and enforce grazing utiliza-
tion standards that would attain good to
excellent range conditions within the key
grazing areas. Use standards (e.g., FS
Region 3, Range Analysis Handbook)
that have been developed for local
geographic areas and habitat types--
particularly in key habitacs such as
riparian areas, meadows, and oak types--
that incorporate allowable use levels
based on current range condition, key
species, and the type of grazing system.
Establish maximum allowable use levels
that are conservative and that will
expedite attaining and maintaining good
to excellent range conditions. The
purpose of establishing these use levels is
to ensure allowable use of plant species
to maintain plant diversity, density,
vigor, and regeneration over time.
Additionally, a primary purpose is to
maintain or restore adequate levels of
residual plant cover, fruits, seeds, and
regeneration to provide for the needs of
prey species and development of future
owl foraging and dispersal habitat.

3. Implement management strategies that
will restore good conditions to degraded
riparian communities as soon as possible.
Strategies may include reductions in
grazing levels and increased numbers of
exclosures (i.e., fencing) to protect
riparian plant cover and regeneration,
and to prevent damage to stream banks
and channels (Clary and Webster 1989,
Platts 1990). In many cases, degraded
riparian areas may require complete rest
for periods from a few years to 15 years
for the area to recover (Kennedy 1977,
Rickard and Cushing 1982, Clary and
Webster 1989). Additional strategies may
include the use of riparian pastures,
limited winter use, double rest-rotation,
and other methods that emphasize
riparian vegetation and stream bank/
channe! recovery (Platts 1990). Riparian
restoration projects that include the use
of exclosures need not require exclosures
along the entire drainage course at one
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time. Rather, systematic use of exclosures
that protect the most sensitive portions
of riparian habitats is encouraged.
Riparian areas can also benefit from
protection of adjacent upland areas
(Bryant 1982). Placement of exclosures
(controls) and areas open to grazing
(treatments) should be designed to
permit determination of effects on
several ecological responses (e.g., vegeta-
tion, erosion, water quality, prey avail-

ability).
Rationale for Grazing Guidelines

Some effects of excessive grazing on vegeta-
tion and habitart features are predictably nega-
tive, particularly in riparian communities.
However, the collective effects of grazing are
neither always predictable nor always negative.
Effects depend on site-specific factors such as the
grazing system, condition of the plant commu-
nity prior to livestock grazing, soil types, climate,
community composition of plant species, and
the presence or absence of aggressive exotic plant
species. Succinctly, predictability is inexact; and
without predictability the Team cannot give
detailed and specific recommendations.

We suggest that, when implemented and
enforced, general guidelines and the standards
they prescribe will promote and maintain good
to excellent range conditions over time and
across communities used by the owl. Despite our
imprecise knowledge of how grazing affects
spotted owl habitat, the collective body of
general knowledge regarding the impacts of
grazing on wildlife mandates prudence. The
Team believes that understanding how grazing
affects the owl is paramount, and we strongly
urge that specific grazing practices and levels of
grazing use be carefully evaluated through an
experimental approach (Bock et al. 1993).

Habitats in protected and restricted areas
should receive high-priority management atten-
tion relative to grazing. Any riparian communi-
ties of potential importance for spotted owl
dispersal and wintering habitat should also
receive high-priority attention. Such attention
will not only benefit spotted owls but many
other species in the Southwest as well (Hubbard



1977). Fundamental to the guidelines for
grazing is the assumption that individual actions
have collective effects. For example, the short-
term goal of exclusion by fencing is to protect
riparian plants and to prevent physical damage
to stream banks and channels (Clary and
Webster 1989, Platts 1990). The long-term goal
is that such short-term protection ultimately
allows spotted owl habitat to develop. Implicit in
this rationale is that excessive grazing sustained
for long periods not only deteriorates potential
or actual spotted owl habitat but it also inevita-
bly leads to a deterioration of the very qualities
that make an area attractive for grazing in the
first place.

We also assert that attainment and mainte-
nance of good to excellent conditions in key
grazing areas will translate to better conditions in
the uplands. Most native and exotic ungulates
preferentially graze within key areas such as
meadows and riparian areas. We assume that if
these key areas exhibit ecologically good condi-
tions, upland forests and woodlands should also
be in good condition. Thus, negative effects of
grazing that lead to the establishment of ladder
fuels and “dog-hair” thickets may be amelio-
rated.

RECREATION
RECOMMENDATIONS

Guidelines

The following guidelines should be applied

to all protected and restricted areas:

1. No construction, either of new facilities
or for expanding existing facilities,
should take place within PACs during
the breeding season, 1 March through
31 August. Any construction within
PACs during the nonbreeding season
should be considered on a case-specific
basis. Modifications to existing facilities
pertaining to public safety and routine
maintenance are excepted.

2. Managers should, on a case-specific basis,
assess the presence and intensity of
allowable recreational activities within
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PACs. Spatial and temporal restrictions
should be considered for new activities.

3.  Seasonal closures of specifically desig-
nated recreational activities should be
considered where appropriate.

RECOVERY UNIT
CONSIDERATIONS

We review below primary threats within each
recovery unit. Some threats are ubiquitous across
the range of the spotted owl, whereas others are
limited to one or few RUs. To place these threats
in perspective, we review below relevant infor-
mation from Part II.B for each RU. Manage-
ment priorities within each RU should focus on
the threats identified below.

One management consideration that applies
to all RUs is the potential for migration and
dispersal of spotted owls within and among RUs.
Admittedly, we know very little of the prevalence
of such movements, nor do we know much of
the habitats used. We suspect, however, that
movements of birds may be important to gene
flow and the maintenance of a metapopulation
structure (Keitt et al. 1995). Thus, efforts should
be made to preserve options by maintaining and
enhancing potential avenues for migration and
dispersal. This could be particularly important in
speciﬁc canyons, riparian areas, and mountain
ranges that might provide links within, between,
and among RUs.

Colorado Plateau

The Colorado Plateau is the largest of all
U.S. RUs. It encompasses the southern half of
Utah, much of northern Arizona, most of
northwestern New Mexico, and a small portion
of southwestern Colorado. In the northwestern
portion of this RU, owls have been located in
steep-walled canyons with apparent concentra-
tions in the areas of Zion N.R, Capitol Reef
N.P, western Abajo Mountains, and
Canyonlands N.P. Historical records are available
from forested habitats on the Kaibab Plateau of
northern Arizona. In the southeastern portion of
this RU, owls occur in both steep-sloped, mixed-
conifer forested canyons and steep-walled




canyons on the Navajo Indian Reservation;
known concentrations occur in the Black Mesa
area and the Chuska Mountains. Owls have also
been located in mixed-conifer habitats in the
Zuni Mountains and on Mount Taylor (Figure
11.B.3).

Owl distribution in this RU appears to be
highly fragmented. This distributional pattern
may be natural or the result of inadequate survey
effort in some parts of the RU. Extensive surveys
have, however, been completed in the southern
Utah portion of this RU. Here, breeding owls
have been found only in canyons where they
nest and roost in caves and on ledges. In south-
ern Utah, no breeding owls have been located in
hundreds of thousands of hectares surveyed in
mixed-conifer or other forest types in areas with
less than 40% slope. Therefore, we recommend
that surveys in southern Utah emphasize steep
slopes and rocky canyons.

Potential Threats

Levels of recreational activity are high and
increasing in some areas of this RU, such as
southern Utah. Some activities may potentially
lead to habitat alteration or direct disturbance of
owls. Furthermore, owls in southern Utah nest
and roost in canyons, and the physical structure
of canyons tend to magnify disturbances and
limit escape/avoidance routes for owls. Potential
threats listed in order of severity for the north-
western portion of this RU include recreation,
overgrazing, and road development within
canyons, and catastrophic fire and timber harvest
within upland forests potentially used for forag-
ing, dispersal, and wintering. For the southeast-
ern portion, threats include timber harvest,
overgrazing, catastrophic fire, oil, gas, and
mining development, and recreation (Utah

Mexican Spotted Owl Technical Team 1994).
Southern Rocky Mountains - Colorado

Lying completely within the State of Colo-
rado, the Southern Rocky Mountains - Colorado
represents the northeastern extreme of the
Mexican spotted owl’s range. Few owls have been
detected in this portion of its range, and its
natural history in Colorado is poorly under-
stood. However, the condition of a species being

Volume I/Part [T

99

Mexican Spotted Owl Recovery Plan

scarce at the periphery of its range is not un-
usual. Nesting and roosting habitat may be
primary concerns, but wintering habitat may be
an important factor in this RU. Although very
little is known about wintering habitat, some
data suggest that birds may winter at lower
elevations that include a wider range of condi-
tions than found in breeding habitats.

Potential Threats

In order of severity, potential threats for the
Southern Rocky Mountains - Colorado RU are
catastrophic fire, recreation, urbanization, timber
harvest, and road construction. Less severe
threats include land exchange, oil and gas
leasing, mineral development, and grazing.
Singly, these factors may have low impact, but
high synergistic consequences. For example,
much of the urban development in Southern
Rocky Mountains - Colorado currently occurs at
elevations lower than those occupied by breed-
ing owls; but development increases recreational
access to public lands. Road construction or
expansion causes initial disturbance, recreation
facilities extend the disturbance, and the
improved access increases the contact between
people and spotted owls. The initial activity
may directly affect wintering habitat. The
development threat is considered to be of low
to moderate severity and is highest along the
Front Range.

Southern Rocky Mountains -
New Mexico

Ranking as the smallest U.S. RU, the South-
ern Rocky Mountains - New Mexico supports
one of the smallest known populations of
Mexican spotted owls as well. Existing data are
too incomplete to cite even a crude estimate of
the RU’s spotted owl population or its density.

The inability to provide crude population
estimates may be partially related to the inad-
equacy of existing survey protocols. Owl survey
crews, following the FS Region 3 survey proto-
col, have speculated that spotted owls in the area
may not respond to calling surveys as predictably
as they do in other RUs. They base this opinion
on the lack of response to nighttime calling in
areas where owls or young have been observed



during subsequent daytime visits. Given that
surveys are an important step in designating
PACs and the types of management permissible,
it is critical that surveys have a high probability
of detecting owls. Further, an ineftective, or
partially effective, survey protocol leaves the FS
and other agencies ill-equipped to manage
potential threats to the Mexican spotted owl in
the RU.

Recent survey efforts on the Santa Fe Na-
tional Forest suggest that some areas formerly
occupied by owls appear vacant now despite the
fact thart the habitat has not been altered appre-
ciably (T. Johnson, Las Alamos, NM, pers.
comm.). This perceived, but unconfirmed,
population decline indicates the importance of
protecting unoccupied habitat.

Potential Threats

The most serious threat to spotted owls in
Southern Rocky Mountains - New Mexico RU is
wildfire and, in localized areas, timber harvest.
Fire may not be as serious in canyon systems as it
is in other areas because the open structure of
steep-slope woodlands associated with canyons
are not conducive to conflagration. However,
dense mixed-conifer and ponderosa pine forests
outside of canyons may present the greatest fire
hazards. Although these areas may not contain
owls, fires initiated in these forests may continue
into the forested canyon habitats. Personnel at
Santa Fe National Forest have instituted an
aggressive prescribed fire program in the Jemez
Mountains as a way to reduce the risk of exten-
sive fire. Though useful, prescribed fire should
be used conservatively in spotted owl habitat.

Timber harvest levels appear greatest on the
Carson National Forest where few spotted owls
have been confirmed. Timber harvest levels on
Santa Fe National Forest have been reduced in
areas where spotted owls are known to occur.
Isolation of spotted owl pairs and small popula-
tions distributed over large areas of fragmented
landscape prompt concern because if they are
lost, the species disappears from entire land-
scapes it once inhabited. Since the spotted owl
was listed, planned timber sales have mostly
avoided the owl’s habitat. However, in the
Vallecitos Federal Sustained Yield Unit in Carson
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National Forest, sales are still being planned in
potential spotted owl habitat despite uncon-
firmed sightings of spotted owls in 1993.

Lesser threats to the spotted owl include
human activities that produce extremely local-
ized effects, but that may ultimately prove to
have a large collective impact. Among them are
unregulated fuelwood harvesting, grazing (par-
ticularly in riparian areas), and recreation devel-
opments at ski areas. All of these activities have
the potential to degrade spotted owl habitat
including habitat for the owl’s prey.

Upper Gila Mountains

The Upper Gila Mountains RU contains the
largest known number of Mexican spotted owls
with approximately 55% of known spotted owl
territories (Ward et al. 1995). The owl also
appears to be more continuously distributed
across this RU than any other (II.B). The appar-
ent gap in owl distribution in the center of ’
Figure I1.B.6 reflects incomplete information
from Tribal lands rather than an actual disconti-
nuity within the owl’s range.

Potential Threats

Spotted owls throughout the RU are found
primarily in mixed-conifer and pine-oak forests
(Ganey and Dick 1995), often in conjunction
with canyon terrain. The primary threats to
spotted owls and their habitat are timber harvest
and catastrophic fire, not necessarily in that
order. Both threats could destroy forest habitat
with the structural features used by spotted owls,
and both could operate over large spatial scales.

Other threats within this RU include indis-
criminate fuelwood cutting and overgrazing by
both wildlife and livestock. These threats are not
as widespread or severe as the threats discussed
above, but they can be significant in some areas.
Fuelwood cutting is a problem in some areas
primarily because people remove (usually ille-
gally) large oaks. These trees appear to be critical
to owls in some areas or habitats, particularly the
pine-oak type (Ganey et al. 1992). Fuelwood
harvest can also result in loss of large snags and
down logs. Both of these habitat components are
also apparently important to the owl, either
directly or indirectly through effects on the prey




base (Ganey and Dick 1995, Ward and Block
1995).

Overgrazing is suspected to be detrimental in
some areas and can affect both habitat structure
and the prey base. Effects on the prey base are
difficult to quantify, but removal of herbaceous
vegetation can reduce both food and cover
available to small mammals (Ward and Block
1995). This may be especially true with respect
to voles, which are often associated with dense
grass cover. Direct effects on habitat are obvious
in some places, particularly with respect to
browsing on young Gambel oak. In some areas,
oak is regenerating well but unable to grow
beyond the sapling stage because of this brows-
ing. Coupled with loss of large oaks to fuelwood
harvest, maintenance of most oak stems in a
sapling stage suggests a very real possibility that
large oak trees will not be replaced over large
areas, resulting in the loss of an important
habitat component. Grazing effects on habitat
are also potentially significant in canyon-bottom
riparian areas. We do not attribute these effects
solely to livestock. Forage resources are shared by
livestock and wild ungulates, and reducing
numbers of both will likely be necessary to bring
forage use to reasonable levels.

Basin and Range - West

Sprawling across southern Arizona and
extreme southwestern New Mexico, the Basin
and Range - West RU ranks as the second largest
RU in the United States. Though it probably
does not support as large a spotted owl popula-
don as the Upper Gila Mountains RU, the
known population ranks third highest in the
United States despite limited survey efforts in
many areas. Therefore, the Team regards the
Basin and Range - West RU as an important unit
for the recovery effort.

Potential Threats

The Team perceives limited threats overall to
spotted owls in the Basin and Range - West RU
as the result of human activities. Very litde
timber harvest occurs in this RU, though some
timber is cut in the Bradshaw Mountains of the
Prescott National Forest and on the San Carlos

Volume I/Part 111

Mexican Spotted Owl Recovery Plan

Apache Reservation. The primary threats to
spotted owls within this RU are catastrophic
wildfire, recreation, and grazing. We detail below
the nature and extent of these and other poten-
tial threats.

Historical efforts to suppress fire have
allowed fuel loads to accumulate to dangerous
levels within most of the wooded and forested
vegetation types in this RU. For example, the
1983 fire in the Animas Mountains removed the
coniferous forest from the higher elevations.
Recent wildfires in the Pinaleno, Rincon,
Chiricahua, and Huachuca Mountains also attest
to the volatile situation in this region. We view
the potential for catastrophic wildfire as the
primary threat to spotted owls in the Basin and
Range - West RU.

Many mountain ranges in the Coronado,
Prescott, and Tonto National Forests are used
heavily for recreation. This is partly because of
their proximity to large urban areas (Tucson and
Phoenix) and partly because of their interna-
tional reputation for exceptional birding. Effects
of recreation include development of roads,
campgrounds, and trails, and also extraordinary
use of those facilities. For example, a number of
areas within the Coronado National Forest (e.g.,
Madera Canyon in the Santa Ritas, Garden and
Ramsey Canyons in the Huachucas, and the
South Fork of Cave Creek in the Chiricahuas)
are world renowned for birding and receive
thousands of visitors per year. Scheelite Canyon
on the Fort Huachuca Army Base is visited often
by birders specifically to view the pair of spotted
owls that occur there. The Mexican spotted owl,
in fact, is one of the more popular species sought
by birders in this region.

Cattle grazing occurs throughout the RU.
Impacts are greatest in the high desert grasslands,
desert scrub, and riparian habitats found be-
tween mountain ranges. Moderate grazing
pressures occur within mid-elevational encinal
and pinyon-juniper woodlands; and grazing
pressures are evident within higher elevational
canyon stringers of pine-oak, mixed-conifer, and
riparian forests. Perhaps the primary threat of
grazing is to the low-elevation riparian forests.
These forests may represent critical linkages
among the mountain ranges. Modified and
degraded riparian forests may inhibit dispersal



among mountain ranges and gene flow among
ow! subpopulations.

Land ownership within the Basin and Range
- West is a mosaic of public and private lands
(IL.B). Most major mountain ranges fall under
Federal jurisdiction, with some private
inholdings and other lands administered by the
San Carlos Apache and White Mountain Apache
tribes. Much of the shrublands and grasslands
between mountain ranges are administered by
the FS or BLM, but a fair portion is privately
owned. Many of these private lands are used for
cattle, which graze both in upland and adjoining
riparian communities. Grazing in riparian
communities is a concern because of the poten-
tial for negative impacts on areas that can pro-
vide dispersal habitat among mountain ranges.
This mosaic pattern of jurisdiction by multiple
landholders may impede coordinated manage-
ment efforts for the owl.

Most land development within the RU is
related to enhancing recreation opportunities.
These include developing or expanding camp-
grounds (e.g., Twilight Campground in the
Pinaleno Mountains, the loop turn at John
Hand Lake in the Chiricahuas) or enlarging
roads for safety (e.g., widening of Mount
Lemmon highway in the Santa Catalina Moun-
tains). Developments such as these often require
removing trees, potentially altering owl habitat.
Further, a rapidly increasing human population
in the southwest portends increasing urban
development which can potentially encroach
upon owl habitat and also impact groundwater
regimes, potentially impacting riparian systems.

Evergreen oak and pinyon-juniper wood-
lands receive the most pressure from fuelwood
harvest. Historical harvest of mature mesquite
stands within the shrubland and grassland areas
may have contributed to the demise of the
riparian forest, thus continued harvest of mature
mesquite in these areas may be a concern.

Basin and Range - East

The Basin and Range - Fast RU lies mostly
within New Mexico and supports the second
largest known number of Mexican spotted owls
in the Unired States. It adjoins four U.S. and
one Mexican RUs. Mexican spotted owls occur-
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ring in the Sacramento Mountains have been
exposed to various disturbances for more than a
century. Natural disturbances include forest fires
plus insect and disease outbreaks. Human
disturbances include timber and fuelwood
harvest, grazing, land development, and recre-
ation. The cumulative effects of these natural
and anthropogenic disturbances have resulted in
a landscape that differs from that existing prior
to European settlement. The threat of these
disturbances to the owl’s persistence cannot be
quantified at this time, but certain incongruities
are detectable. For example, owl density is
relatively high on FS lands, but fecundity is
quite variable over time and annual survival is
unknown. Thus, even though the current
population density may be high, we know
nothing of population trends. Further, given
existing forest conditions in this RU, threats of
widescale habitat loss are real and immediate.
Consequently, active management is needed to
alleviate these threats while ensuring that ad-
equate habitat will exist well into the future.

Potential Threats

The Team categorized potential threats to
spotted owl recovery according to magnitude.
Major threats pose immediate potential for
causing declines in spotted owl populations, and
minor threats present no such immediacy. Major
threats, in order of potential effects, include (1)
catastrophic, stand-replacement fires, (2) some
forms of timber harvest, (3) fuelwood harvest,
(4) grazing, (5) agriculture or development for
human habitation, and (6) forest insects and
disease. Minor threats are activities not currently
extensive in time or space but that have been
considered potential threats to the owl. These
include (1) certain military operations, (2) other
habitat alterations (e.g. power line and road
construction, noxious weed control), (3) mining,
and (4) recreation.

Existing dense forest conditions makes much
of the Basin and Range - East RU vulnerable to
catastrophic fire. Such stand-replacing fires have
been documented in the Sacramento Mountains
since the 1950s and continue to the present
(e.g., the Burgett and Bridge fires in 1993 and
1994, respectively). Similar fires occurred in the



Smokey Bear Ranger District (Hanks and Dick-
Peddie 1974) and other mountain ranges in the
Basin and Range - East RU (Plummer and
Gowsell 1904, Moody et al. 1992). Failure to
address this potential for fire by reducing fuel
levels and fuel continuity will inevitably lead to
more and larger fires resulting in the continued
loss of owl habitat.

Past timber harvest practices have left a few
remnant old-growth stands and residual pockets
of pre-harvest trees in the Sacramento Moun-
tains. Trees older than 200 ybh (years at breast
height) can be found in these remnant stands
and pockets. Many of these stands, however, are
small (<4 ha [10 ac]) and exist as smaller groves
amid the younger coniferous forests. Our obser-
vations indicate that these remnant patches are
critical to the Mexican spotted owl, particularly
for nesting and roosting. This situation is similar
to spotted owl use of second-growth redwood in
northern California. Both cases should be
viewed as exceptional and regionally dependent
processes. Regardless, many of these older
patches are on the verge of senescence and
decline. Few patches are on a trajectory to
replace remnant patches as they are lost in the
short term. Thus, timber harvest in the immedi-
ate future must avoid altering these remnant
patches in such a way as to accelerate their
decline. Rather, forest management must strive
to create replacement patches as quickly as
conditions allow to ensure that these unique
habitat patches are sustained through time.

Insects, plant pathogens, and dwarf mistletoe
comprise a third important agent of forest
disturbance in the Sacramento Mountains
(Plummer and Gowsell 1904, Stevens and Flake
1974, Hessburg and Beatty 1986, Hawksworth
and Conklin 1990, Archambault et al. 1994).
Principal organisms are western spruce bud-
worm, round-headed beetle, white pine blister
rust, dwarf mistletoe, Phellinus schweinitzii, and
other fungi. These organisms operate at scales
ranging from single trees to landscapes. Not only
are insects and tree diseases fundamental deter-
minants of forest structure and function
(Attiwell 1993, Haack and Byler 1993), but
forest structure and composition influence
population levels of these organisms. As a result,
the dense forest conditions existing in the
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Sacramento Mountains have allowed some
insects and diseases to increase from endemic to
epidemic levels. Clearly, forest management that
decreases forest density, primarily by thinning
from below, will help to control populations of
some of these organisms.

Grazing by domestic livestock and elk in this
RU has altered botanical cover, specifically plant
composition and structure. Range management
has been oriented toward domestic livestock and
other wildlife goals, but not for the owl. Regard-
less of its past orientation, grazing can affect owl
habitat and prey populations in conflicting and
poorly understood ways (I1.D). Effects of grazing
are largely manifested in meadow and riparian
areas, but effects within forests cannot be easily
discounted. Implementation of the grazing
recommendations (provided above) are needed
to understand and address potential effects of
grazing on the spotted owl.

Agriculture and concentrated human devel-
opments occur in the Rio Grande Valley and to a
lesser extent in the Sacramento Mountains. Both
may affect dispersing or wintering owls by
reducing the spatial extent of habitat. Manage-
ment that emphasizes the restoration of riparian
forests may benefit both resident birds in the
Sacramento Mountains and birds migrating
between mountain ranges.

At present, the Team considers the impacts
of recreation to be of minor importance to the
RU’s spotted owls; but we have no studies or
documentation to substantiate our position.
Recreation noise from motorcycles and snowmo-
biles has been implicated as a potential threat.
Indirect habitat disturbance from recreation may
occur on a local scale but is also undocumented.
Other activities include camping, hiking,
birding, hunting, off-road vehicle use,
snowmobiling, and skiing. Many private land
inholdings are summer homes or camps and are
also a source of recreation in spotted owl habitat.

Mexico

Presently, limited information on the biology
of the Mexican spotted owl and on land manage-
ment activities within Mexican RUs precludes
the provision of extensive management recom-
mendations. However, the information available



indicates that spotted owls use forest types not
typically found in the United States and that
land-management practices differ substantially
in Mexico from those in the U.S. The Team
proposes that the general recommendations be
applied within the Mexican RUs where appro-
priate. The Team strongly recommends that RU
working teams (see Part IV) develop manage-
ment recommendations for Mexico more fully.

The Mexican spotted owl is typically found
in montane habitats where the vegetation is
dominated by pines and oaks. Although spotted
owls in the U.S. also use pine-oak forests, they
vary somewhat in composition and structure
from similar forests in Mexico. However, within
Mexican pine-oak forests, spotted owls appear to
favor canyons, as they do in many of the areas
used in the U.S.

Because social and economic systems in
Mexico differ from those in the U.S., activities
that rake place within potential spotted owl
habitat differ somewhat between the two coun-
tries. Whereas grazing, fire, timber harvest, and
fuelwood harvest are threats common to both
countries, other threats are unique to Mexico
and some to specific RUs.

Potential Threats

Sierra Madre Occidental - Norte—The pri-
mary threat is land conversion for subsistence
agriculture. Impacts of this threat include the
loss of spotted owl habitat, soil loss, and erosion.
A related threat is overgrazing by livestock.
Historically and through the present, forest
lands have been cleared to create pastures for
cattle; the cumulative effects of these practices
have modified spotted owl habitat. Although
extensive timber harvest occurs within this RU,
most harvest occurs in the uplands and is not a
direct threat to spotted owls found in canyons.
Whether or not timber harvest indirectly affects
the owl is unknown, but could be a concern
worth addressing through research.

Sierra Madre Oriental - Norte—Timber
harvest and grazing are the primary threats
within this RU. The main effects of these threats
is to further fragment an already disjunct popu-
lation.
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Sierra Madre Occidental - Sur.—Primary
threats within this RU are fuelwood harvest,
timber harvest, charcoal production, grazing,
and agricultural development. Fuelwood harvest
often entails cutting snags and the harvest of
riparian plant species, both of which are critical
components of spotted owl habitat. Timber
harvest in itself is not a direct threat to spotted
owl habitat. However, harvest methods that
entail rolling logs from higher to lower sites
result in soil loss and erosion, thereby affecting
the habitat of the owl and its prey. Fire is con-
sidered only a moderate threat because of the
disjunct distribution of owls in canyons and
because limited efforts towards fire suppression
have allowed natural fire regimes to persist. Fire,
however, can possibly destroy spotted owl
habitat under the right conditions. Livestock
graze throughout the year within spotted owl
habitat, and the cumulative effect of this grazing
affects prey habitat and spotted owl habitat
structure. Type conversion of forests for agricul-
ture also occurs within this RU.

Sierra Madre Oriental - Sur—The potential
threats in this RU parallel those within Sierra
Madre Occidental - Norte RU. The primary
difference is that this RU probably contains the
best and most extensive habitat within any of the
Mexican RUEs, thus threats can occur over a
much greater area.

Eje Neovolcanico—The primary threats in this
RU are those associated with population expan-
sion and industrial development. Specifically,
industrial development can lead to loss of habitat
and an increase in pollution. Other threats
include management to control insects and
disease, fire suppression, grazing, and agricul-
tural development.
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C. MONITORING PROCEDURES

The Team has assimilated, reviewed, and
analyzed data generated by the Mexican Spotted
Owl Monitoring Program of FS Region 3. We
have also compiled and reviewed data from the
BLM and the FS Region 4 in Utah, and FS
Region 2 in Colorado. Here, we offer an alterna-
tive design for monitoring the Mexican spotted
owl population within the three core RUs. We
also provide recommendations for monitoring
habitat throughout the owl’s range. This pro-
posed monitoring program will evaluate popula-
tion and habitat trends as required by the criteria
for delisting the species (III.A). The philosophy
of our proposed monitoring scheme is to mea-
sure the critical variables--changes in owl num-
bers and changes in habitat--needed for delisting
the species.

For the purposes of recovery and under-
standing effects of land management activities
on the Mexican spotted owl, monitoring should
determine with adequate reliability temporal
changes in the owl population and its habitac
when in fact such changes are occurring. An
effective monitoring program requires measuring
changes in habitat quantity, estimating popula-
tion size of territorial owls, and determining key
demographic parameters including survival,
recruitment, and reproduction, all of which
influence population size.

Habitat monitoring will rely heavily on both
remote-sensing of habitat across the range of the
bird and field measurements of habitat variables
before and after treatments. Population monitor-
ing is based on mark-recapture theory and
Cormack-Jolly-Seber modeling approaches,
similar to Pollock’s robust design approach
(Lefebre et al. 1982, Pollock 1982, Kendall and
Pollock 1992). To our knowledge, a systematic
habitat monitoring approach as extensive and
intensive as the one we propose has never been
implemented. In contrast, a prototype design for
population monitoring was implemented in
Olympic National Park, Washington (Noon et
al. 1993, E. Seamen pers. comm.) to monitor a
northern spotted owl population.
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Accurate and efficient protocols for both
habitat and population monitoring require pilot
studies to estimate recapture probabilities, and to
estimate variances associated with each of the
population parameters and each of the habitat
variables. For population monitoring, these
estimates can then be used to determine optimal
quadrat size and numbers of quadrats required
within predefined strata and RUs. Funding was
allocated in 1994 to further refine the proposed
population design with a small field trial involv-
ing four quadrats. Results of this field trial
validated the study design provided qualified
personnel conduct the work (May et al., in
press). A larger pilot study is needed to refine
parameter estimates for actual implementation
of the proposed design. For habitat monitoring,
separate pilot studies will be needed to establish
sampling designs, including sample size require-
ments.

HABITAT MONITORING

The habitat delisting criterion states that
habitat monitoring must be implemented (1) to
track changes in the quantity of macrohabitat
and (2) to verify that microhabitat changes
within treated stands meet the intent of the
Recovery Plan. Thus little, if any, owl habitat can
be lost if this goal is to be met. Further, habitat
quality cannot decline significantly. A concern of
the Team is that habitat quality cannot be
adequately assessed, particularly with remote-
sensing data. To alleviate this concern, our
recommendations also include field measure-
ments of microhabitat characteristics within
treated stands. However, we reiterate that
macrohabitat quantity should also be monitored
on a rangewide basis.

Macrohabitat
The purpose of rangewide monitoring is to

track gross changes in habitat as the result of
disturbance, from both natural (e.g., fire) and



anthropogenic (e.g., timber harvest, prescribed
fire) causes. Given the extent of the area to be
monitored, remote-sensing technology will be
required. An imagery baseline should be estab-
lished within six months of Recovery Plan
approval using LANDSAT Thematic Mapper
imagery (currently available in the FS Region 3
Geometronics Remote-Sensing Laboratory). The
imagery for potential owl habitat and surround-
ing areas should be aggregated, georeferenced,
and merged with vector map data to provide
image maps. These image maps may be used
both as general planning tools and as a baseline
for detecting change. The 30-m (98-ft) spatial
resolution of the LANDSAT Thematic Mapper
imagery is adequate to detect both anthropo-
genic and natural change across large land areas.
Changes that can be detected include wildfire
scars, timber harvests, gross changes in forest
health, and possibly the addition or removal of
roads, large developments and other cultural
features, and fluctuations in grazing practices.

In a standard change-detection analysis, two
image data sets are co-registered and then sub-
tracted from each other. The resulting difference
image highlights changes across the area covered
by the image data sets. An additional image data
set will need to be purchased in the future to
perform change detection. The additional data
set may be either LANDSAT Thematic Mapper
(TM) data or LANDSAT Multispectral Scanner
(MSS) data. A TM data set would be preferred,
but MSS data could be substituted and would
provide adequate spectral and spatial resolution
to perform useful change detection.

The baseline TM data set can also be used to
develop a generalized regional vegetation cover
map, using standard supervised and unsuper-
vised image classification techniques with TM
bands 4, 3, and 2. The literature indicates that
the 4,3,2 band combination is most useful for
vegetation analysis. Developing a vegetation map
would also require the integration of 1:250,000
digital elevation data to account for the effects of
varying slope aspects and elevation on vegetation
patterns.

Texture analysis techniques may be used to
assess vegetation structure and density across
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large areas using either the LANDSAT TM or
MSS data. While texture analysis applications in
vegetation analysis have appeared frequently in
the literature, the fnethodologies are not as
widely accepted as image classification tech-
niques, so they must be considered experimental.

Given the resolution possible with the tools
and information available, remote sensing
monitoring techniques will provide an estimate
of macrohabitat trend. Within five years of
creating the imagery baseline, participating
agencies should produce a report assessing
changes in vegetation composition, structure,
and density. This will provide an interim check-
point to determine if the delisting criteria can be
met at the end of 10 years.

Microhabitat

Microhabitat monitoring is required because
remote sensing is largely insensitive to subtle
intra-stand changes that may enhance or degrade
owl habitat. Microhabitat monitoring will entail
measuring habitat variables before and after
silvicultural or prescribed fire treatments de-
signed to maintain, improve, or create owl
habitat. This monitoring is to verify that treat-
ments (silviculture, fire) are meeting their stated
objectives. We acknowledge that many treated
stands will not meet the desired future condition
in 10 years, but the trajectory on which a stand
is placed can be modeled to evaluate if it is
moving towards owl habitat. This knowledge is
needed to demonstrate that any short-term losses
in macrohabitat will be partially offset as stands
mature into owl habitat. If adequate acreage of
vegetation is moving towards owl habitat, our
confidence in long-term habitat stability will
be enhanced.

Sampling units will be treated stands. Within
these stands, an adequate number of vegetation
sampling points must be established. The exact
number of sampling points needed will be
dictated by the most variable characteristic
(likely snag density; Bull et al. 1990). Points
should be sampled prior to initiating a treat-
ment, resampled following the treatment after
allowing adequate time for the area to equilibrate



from temporary disturbance cffects, and then at
five-year intervals. The variables measured can
then be input into a vegetation model to esti-
mate stand characteristics at different points in
time.

At a minimum the following variables
should be measured and assessed: (1) tree diam-
eters by species, (2) tree basal area by species, (3)
size-class distributions of trees, (4) log volume by
size class, (5) canopy cover, (6) snag diameter,
and (7) snag basal area. We strongly advocate
that addidonal variables be included that might
be relevant to monitoring other ecosystem
attributes. The return in critical monitoring
information derived by expanding the variables
measured would far outweigh any additional
costs, assuming that the new variables are not
highly correlated with the variables suggested
above.

POPULATION MONITORING

Monitoring habitat as a singular effort will
not adequately reveal the true status of the owl
population. Relatively long-lived birds with a
high (-0.89) adult survival, Mexican spotted
owls may live 16 years or more once they reach
adulthood. However, an intense period of
mortality during the first year could produce
population consequences that habitat monitor-
ing would not detect. Habitat quality could
decline from various natural processes or anthro-
pogenic activities, yet the territorial population
would remain unchanged because of site fidelity
among existing birds and recruitment of Hoaters.
Young mighe still be produced, but would not
survive to be recruited into the territorial popu-
lacion because of poor habitat quality, limited
habitat availability, or because their inexperience
would not allow them to survive and disperse
during their first year.

A limitation of this proposed monitoring
scheme (and all known approaches) is that only
territorial birds are monitored. The total or
proportional number of floaters (sensu Franklin
1992) remains undetermined and unmonitored
relative to the target population.
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Because nonterritorial birds are not directly
monitored, we want to guard against an unde-
tected decline in the total population of spotted
owls when the territorial population remains
stable. We suggest the following procedures to
evaluate trends in the nonrerritorial population.
First, the age of birds that establish territories
will indicate the size of the nonterritorial popu-
lation. If new territorial birds are only one year
old, then they have never existed as floaters in
the population. Thus, a decline in the age of
territorial birds suggests that the nonterritorial
population is low or declining (Franklin 1992).
Second, the presence of unfilled territories would
suggest that an inadequate floater population
exists, and hence that a decline in the population
is taking place.

In the following, we outline a suitable
framework and statistical estimation approach
for monitoring owl populations in 3 RUs.
However, critical design and sampling details,
such as sample sizes and delineation of strata,
have been omirtted, and must be developed by an
implementation team as data become available
to make those decisions.

Target Population

The target population for the abundance
estimate is territorial Mexican spotted owls
(exclusive of floaters) in the Upper Gila Moun-
tains, Basin and Range - West, and Basin and
Range - East RUs. Thus, all potential owl habitat
in these 3 RUs must be included in the sampling
frame. All land management jurisdictions are
encouraged to cooperate in providing access and
resources to monitor the entire owl population.

Sampling Units

Sampling units will consist of 50 to 75 km*
(19 to 29 mi*) quadrats randomly allocated to
habitat strata. Quadrars will be defined based on
ecological boundaries such as ridge lines and
watersheds to reduce edge effects. Selection of
quadrat boundaries must emphasize edges that
are unlikely to traverse owl territories, so that the
errors of including a territory in multiple quad-



rats or in no quadrat do not occur. The exact
number of quadrats and their size will depend
on the specifics of implementing the monitoring
scheme and results of pilot studies.

In general, the population monitoring
scheme will require: (1) determining strata that
represent different owl densities or habitat types
occupied by owls within each RU; (2) determin-
ing quadrat size which should be sufficiently
large to reduce edge effects and small enough to
allow a minimum of four surveys per quadrat in
the survey season limited to 1 April to 30 August
(initial approximation of quadrat size is 50 to
75 km? [19 to 29 mi’] [May et al., in press]);

(3) defining the sampling frame of quadrats in
each stratum such that quadrats are relatively
equal in size and have boundaries selected to
minimize edge effect; (4) selecting a random
sample of quadrats from each stratum the first
year, and then randomly replacing 20% of the
sampled quadrats each year with quadrats
randomly selected from the currently unsampled
quadrats (with quadrats in the initial sample
potentially removed, and then possibly included
in the sample again at a later time); and (5)
developing protocols for conducting field
surveys (likely different from past FS protocols
because of the different goal of the proposed
procedure from past goals).

Sampling Procedures
Stratification

LANDSAT multispectral scanner imagery
with 30-m spatial resolution would be suitable
for defining habirtat strata within each RU, and
thus the sampling frame of quadrats for each
stratum. Approximate density of territorial owls
within strata can then be used to allocate survey
effort (number of quadrats) to strata. The
optimum allocation of survey effort is one that
would minimize erroneous estimation of spotted
owl abundance. Optimal allocation of quadrats
to strata will probably not be in proportion to
strata size. More likely, optimal allocation will
mean that a higher percentage of quadrats in
strata with high owl densities will be sampled.
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Optimal allocation might also take into account
the cost per quadrat because of potential differ-
ences in the cost of measuring quadrats within
different strata. Strata should be computed both
as projected (ignoring topography) and as
surface (incorporating topography) areas because
differences in topography affect vegetation type.

Selection of Quadrats

Within strata, quadrats will be randomly
selected for inclusion in the sample. We suggest
that 80% (randomly selected) of the previous
year’s quadrats be revisited the following year.
The other 20% of the previous year’s quadrats
should be removed from the sample, and a
replacement sample of quadrats not sampled the
previous year should be substituted. Quadrats
removed one year can included in the sample in
following years provided that it is randomly
selected and chat at least one year has elapsed
since it was last sampled. This procedure means
that the average number of years that a particular
quadrat remains in the sample is 4.5 years.
Inclusion of new quadrats into the sample each
year guards against management practices within
the sampled quadrats not being representative of
those practices occurring elsewhere. This rota-
tion of quadrats included in the sample will
provide a smaller variance because observations
are correlated across time and many quadrats will
be sampled repeatedly, but still provides a
representative sample of the available quadrats.

Sampling Within Quadrats

Sampling procedures within a quadrat will
include (1) assigning survey stations to ensure
adequate coverage and a standardized density of
such stations among quadrats; (2) allowing for a
minimum of four complete (i.e., all call points
sampled) surveys through each quadrat; (3)
conducting nighttime surveys from survey
stations to map general locations of spotted owls
and to estimate per-visit detection probabilities;
and (4) conducting daytime (auxiliary) surveys
and mousing to find roosting and nesting
spotted owls, determine if a mate not detected




during nighttime survey is present, determine
number of young present, and capture and
color-mark all spotted owls found. For each
spotted owl found, the center of its activity area
must be determined as either in or out of the
quadrat.

Proper timing of surveys maximizes effi-
ciency in locating spotted owls. We recommend
that nighttime surveys be conducted within 3
hours following sunset. Owls detected at dusk
are near diurnal roosts and thus provide an
optimal starting point for confirming pairs and
reproduction during daytime surveys. Similarly,
daytime surveys should begin at or near sunrise
(preferably just before) as owls are returning to
their roosts.

Banding Birds

Marking individual birds with FWS leg
bands and color bands for visual identification
provides greater validity in the estimation of the
owl population size on the quadrat because the
assumptions of the mark-recapture methods can
be tested. Conceivably, owl population size on
quadrats with high densities of owls might be
underestimated without banding because two
different birds might be counted as only one.
Conversely, on quadrats with low densities, a
single bird might be counted as 2 birds, biasing
the population estimate high. Individually
marking birds will eliminate some of this poten-
tial bias. Second, banding birds is necessary to
estimate annual survival on quadrats that are
sampled for two consecutive years. Third,
capturing birds allows more careful aging of
individuals; hence, the resulting age structure
data are more useful in assessing the impact of
floaters in the population. Finally, minimum
estimates of dispersal and emigration from the
quadrat can be assessed with banded birds that
are located off the quadrat. Although the cost of
the population estimation procedure may be
increased by up to 40% by individually marking
birds (May et al., in press), the Team feels the
additional information and rigor provided by
marking birds is justified.
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Statistical Analysis
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statistical discussion.
Estimation of Capture Probability

The described spotted owl surveys will
provide data regarding the number of territorial
owls detected and determined to have their
activity centers within the survey plots. It is
unlikely that all owls with activity foci lying
within these plots will be detected, and capture
probabilities will therefore be less than 1. Cap-
ture is defined as either physically capturing and
uniquely marking an individual or resighting its
unique color band combination without physi-
cally recapturing it. Thus, the per-visit capture
probabilities must be estimated to “correct” the
count statistics and reflect the true number of
territorial birds with activity centers within
quadrat boundaries.

Per-visit capture probabilities can be esti-
mated using data on the capture histories of
individual owls on the quadrarts. The four
surveys will be conducted during a relatively
short period, so it is appropriate to use capture-
recapture models for closed populations (e.g.,
Otis et al. 1978, White et al. 1982, Pollock et al.
1990). Per-visit capture probabilities may vary by
visits, strata, RUs, and years. However, substan-
tial gains in the precision of capture probability
estimates would be achieved if they could be
estimated using data pooled over visits, strata,
RUs, or years. Standardized survey protocol
within and among quadrats using field crews
with communal training should decrease the
variation in per-visit capture probabilities.

Heterogeneity of per-visit capture probabili-
ties across individuals should be examined. If
heterogeneity is found, estimators developed
under model M, of Otis et al. (1978), such as
the jackknife (Burnham and Overton 1978,
1979) and Chao’s (1987, 1988, 1989) estimator
are appropriate. If heterogeneity is not serious,
models with data pooled over visits, strata, RUs,
and years should be considered.

Capture probability estimates resulting from
these modeling efforts will pertain to the prob-



ability of detecting and capturing an individual
spotted owl during a single survey visit. Caprure
history data, and hence the capture probability
estimates, will be restricted to those spotted owls
with a nest or focus of activity within the area
being sampled. The density estimation proce-
dure (see below) actually requires an estimate of
the probability of detecting and capturing a
spotted owl at least once during an entire season.
Given owl presence, the estimated probability of
detecting and capturing an owl during the
season using surveys is given by

ﬁk=1‘(1‘]7)k)

where p, is the probability of detecting and
capturing a spotted owl at least once during

k visits, and p is the single-visit capture probabil-
ity.

The above scheme for estimating capture
probability should work well with owls initially
detected from survey points within the quadrat.
However, these capture probabilities are not
applicable, by themselves, to other pair members
found during daytime visits or to spotted owls
located other than by calling from survey points.
To include data from pair members located
during daytime visits, we consider their capture
probability as the product of the probability of
capturing a pair member from survey points
times the probability of capturing the other pair
member during a daytime visit given capture of
one mate from survey points. The first probabil-
ity in this product is obtained using capture
histories (i.e., capture probabilities) of birds
detected from survey points as previously de-
scribed. The second, conditional probability
must be obtained using data from daytime visits
and captures only.

Auxiliary or daytime visits can be viewed in
the context of removal modeling (e.g., Zippin
1956, 1958; Otis et al. 1978; Ward et al. 1991).
The primary purpose of daytime visits is to
determine pair and breeding status of birds
detected from survey points. Auxiliary visits may
or may not be terminated after capture of the
mate, depending on whether data on reproduc-
tive success is adequately obtained.
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Estimation of Density Per Quadrat

Each quadrat requires two parts to the
estimation process. First, estimation of apparent

density by

D# =

7

ni
=" a >
which is the total number of spotted owls
detected and having activity centers in quadrat 7
(1), based on both survey (;'11,) and auxiliary (hi)
visits divided by the area of the quadrar ().
Next, apparent density is adjusted for those
spotted owls that maintain an activity center
within the quadrat but were not detected during
a survey visit. The adjustment for the survey visit
. . A oy
is the reciprocal of p,, the probability of a
spotted owl being captured at least once on a
given survey based on £ visits to quadrar z. Note
that ]9/? pertains only to the 7 animals detected
during the survey point visits of quadrart 7, not to
birds detected on auxiliary visits. If auxiliary
visits are made to determine pair or reproductive
status, any additional pair members that are
detected contribute to the density estimate for
quadrat 7. As discussed previously, their capture
is conditional upon an initial capture from a
survey point. To adjust the count of the # owls
detected on quadrat 7 during auxiliary visits, we
divide the count by the probability of detecting a
pair member during 4 auxiliary visits (p,), given
detection and capture of its mate from survey
points. Thus, we would estimate density on
quadrat 7 as P
Tt
P PPy

a.

7

A

D. =

7

Estimation of Density Per Stratum

Once we have density estimates for each
quadrat within a stratum, they can be combined
into an overall mean estimate of density for the
stratum. Because quadrats are not the same size,
weighting of the quadrat density estimates by
area is essential, so that



where 7. is the number of quadrats in stratum ;.
To obtain population size estimates for each
stratum (7), multiply by the area of the stratum

(4) so that ]\A/’ = 57. » A. Note that A may change
through time as habitat changes and quadrats are

moved from one stratum to another.
An estimate of overall abundance for RU # is

A 1A i
then N = Z} N],, where m_is the number of
-
strata in RU z.

Variance Estimators

With stratified-random sampling, we usually
have simple variance equations because the
stratum means of totals are independent between
strata. Here, this is not the case because correc-
tions for spotted owls not seen are common
across strata and induce the need for covariance
terms. These variance equations will need to be
developed. Specific closed-formed solutions may
not be possible for the variance estimates. Thus,
estimating the variance components by boot-
strap methods may be more feasible.

Cormack-Jolly-Seber Models

Cormack-Jolly-Seber (CJS) models
(Lebreton et al. 1992) can be used to estimate
age-specific apparent survival (¢ ) and recruit-
ment to the territorial population (B). We
suggest using CJS modeling procedures as
outlined by Lebreton et al. (1992), Burnham
and Anderson (1992), Pollock et al. (1990), and
Burnham et al. (1987). This approach is demon-
strated by White et al. (1995) for the analysis of
data from the demographic study areas. We
suggest that data from all quadrats within a
stratum (or even larger area) can be pooled to
estimate apparent survival and recruitment.

Both the apparent survival (¢) and recruit-
ment (B) are biased estimates of true survival (§)
and true recruitment rates because the quadrats
do not have geographic closure. For survival,
¢ = S- E, where E is the emigration rate off the
quadrats. For recruitment, B = R + I, where R is
true recruitment and / is immigration onto the
quadrats. If the area of the combined quadrats
were used in a single demographic study area,
the bias of ¢ and B would be smaller because the
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probability of birds emigrating off of and immi-
grating onto a large single area would be smaller
than for a collection of small quadrats represent-
ing the same area. However, if we assume that
this bias is somewhat constant across time, then
tests for changes in ¢ and B across time with
models such as ¢, as demonstrated by Burnham
et al. (1994) provide a potent tool to assess
changes in these population parameters through
time. The optimal size of quadrats is dictated by
keeping them large enough that reasonable
estimates of the number of territorial birds
present can be accomplished, while small
enough so that an adequately large sample of
quadrats is possible to estimate precisely the
among-quadrat variation.

We would not suggest that ¢ and B be used
to compute A in a Leslie matrix model as was
done with the demographic study areas by
White et al. (1995). Biases caused by emigration
and immigration make any estimate of A com-
puted from these parameters biased as well.
Furchermore, the main objective of the quadrat
surveys is to provide an unbiased estimate of the
total number of territorial owls so that an
unbiased estimate of A can be obrained as
A= /\\[m/&'

Estimates of juvenile apparent survival
obtained from the CJS model with banding data
from juvenile spotted owls will probably not be
useful from the pooled quadrat survey data
because the emigration rate of this population
segment will be quite high as they disperse away
from their natal territories.

Personnel

Quality work cannot be completed without
capable people who desire to perform well. Owl
surveys are difficult to conduct. To achieve
accurate survey results requires a certain combi-
nation of physical and mental traits. The ideal
candidate for spotted owl survey work must be
physically capable of negotiating difficult terrain
and doing so after dark. The mental demands
include the intellectual capacity to understand
the nuances of the work, the perseverance to
succeed under adverse conditions, the ability to
follow directions, and the discipline to be



patient. Rigorous training to certify people to
conduct monitoring is a critical step to ensure
that qualified people implement the procedures.

Restrictions on duration of work day, night
time work, and camping near survey sites can
lead to inefficiency. Effective inventory and
monitoring may often require personnel to
survey between dusk and 2300 hrs and prior to
sunrise the next morning if an owl is detected
the previous night. Not permitting camping at
sites or not allowing more than 8-hour work
days is an ineffective survey strategy. Thus, cost
and effort for determining occupancy or repro-
duction in a given territory may be doubled or
tripled. Not allowing personnel to survey along
marked ridge lines at night (i.e., off roads) may
result in inadequate survey of an area. Compe-
tent, qualified, eager personnel can conduct such
activities safely and with desired results as dem-
onstrated by May et al. (in press).

Training

Training is the most important mechanism
for ensuring quality data and standardization.
The current certification program employed by
the ES should continue, but in a more intense
fashion. High-quality photographic media,
including video tapes of proper procedures,
should be incorporated. Use of a map, compass,
and GPS system, and recording spatial informa-
tion with Universal Transverse Mercator (UTM)
coordinates (Grubb and Eakle 1988) are critical.
Additional training for recording information on
data forms, maps, and in an electronic data base
is required (see below). Certified owl biologists
should be tested routinely on their ability to
complete data forms and plot locations correctly.
A standardized procedure for storing all informa-
tion also needs to be developed and enforced.

All training must be reinforced with ad-
equate (4-day minimum) field exercises followed
by periodic reinforcement of learned skills.
Although initial skills may be provided with the
certification process, reinforcement through
feedback on procedures and results is required.
An electronic data entry program will help to
standardize inputs and reinforce proper docu-
mentation procedures. Such a routine will also
indicate progtess of the monitoring program and
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identify personnel or administrative units that
need additional training. Further, additional
training should include periodic visits by pro-
gram supervisors to review field procedures.
Incorrect observations may not necessarily be
detected on data forms.

We also suggest a greater emphasis on
identification of spotted owl age classes (juvenile,
subadult, and adult) as described by Forsman
(1981) and Moen et al. (1991). This valuable
information may be obtained if observers take
binoculars on surveys. Information on age
structure may prove useful for identifying
changes in demographic trends.

All survey routes and results need to be
summarized in a standardized manner on media
that can be entered into a Geographic Informa-
tion System (GIS). Thus, field personnel will
require training on use of map, compass, and
GPS. In addition, a standardized map system
and symbol set is paramount. We recommend a
7.5" USGS topographic map. This map type is
readily available in paper and digital form. We
also insist that field personnel record UTM
coordinates. This will allow rapid updating of
digital maps of owl locations.

Computerized Data Entry and

Summarization

A major weakness of past inventory and
monitoring programs has been the lack of
accessibility to data; as a result, few summaries
and analyses were prepared. This scarcity of data
examination appears to be due to the lack of a
central, accessible, computerized database where
field forms are regularly entered for computer
analysis. Field workers submitting data forms but
not receiving feedback from their efforts nor a
copy of the master database for them to review
leads to errors that are difficult to rectify retroac-
tively. We suggest that field workers who collect
the data should also be responsible for data entry
into a standardized computer form. The benefits
would be twofold.

First, a computerized data entry form would
guarantee that only admissible codes are used
because invalid codes would not be accepted by
the computer, and correcr entries would be



needed in all data fields before the user could
proceed. Quality control would be facilitated via
an interactive computer data entry interface.
With such a data entry program, data from
different jurisdictions of all involved land man-
agement entities would be compatible.

Second, once the data have been entered,
summaries can be produced with standard
summary programs. At a minimum, field work-
ers should be able to produce summaries of data
they entered, and make comparisons with past
years and maybe other geographic areas. The
main reason for this instant feedback is to
encourage field personnel to examine their own
data plus get a temporal and spatial perspective
of existing data. Field workers would have a
much better picture of how their data fit into the
overall effort and would have access to data in
the master database. Simple graphs and tabular
summaries should be available via a menu
system. This feedback would also promote
greater cooperation in future surveys and makes
the field worker feel a part of the complete
process.

Creation of a master database on an acces-
sible computer network (such as the World Wide
Web [WWW] on Internet) has another, less
apparent, benefit for the program. From this
master database, region-wide summaries could
be generated. Annual summaries would help
detect trends in the data. Sophisticated statistical
analyses could be programmed to implement
tests for trends in the data. Safeguards would be
necessary to limit access to the data, particularly
sensitive site locations, to only authorized
persons. Finally, scrutiny by outside reviewers
would improve the integrity of the database.

To implement the above scheme, two pieces
of software need to be written. The first is the
data entry system, for which extensive error
checking should be coded into the software.
Data entered by a field worker would be ap-
pended to the master data file only after passing
a stringent series of integrity checks. The second
is a data summary program that would be menu
driven and allow the user to summarize his/her
own data plus other data of interest. We presume
that modern PC computer software systems and
access to a computer network should make this
software development fairly easy. Once the field
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season is completed, each land management
entity and their respective subunits should be
able to obtain graphical summaries as well as
statistical summaries in tabular form.

Costs

The cost for implementing the population
monitoring scheme should include hiring a
principal investigator to design this survey and
coordinate sampling efforts. Field crew leaders
will be necessary for supervising study logistics
and field technicians will be required to conduct
surveys. In addition, while models exist for
estimating total population size through time,
models of multiple capture probabilities require
some independent work. All field personnel
hired to conduct the pilot study and subsequent
monitoring program must be qualified and
trained.

Our initial estimate of the costs to fully
implement the proposed monitoring scheme is
approximately $1.2-1.5 million per year. Based
on the delisting criteria, monitoring must
continue for a minimum of 15 years.

Costs for implementing macrohabitat
monitoring are unknown. However, much of the
needed remote-sensing coverage exists or is being
obtained as a tool for implementing ecosystem
management. Thus, additional costs attributable
to the spotted owl should be minimal. Costs of
implementing microhabitat sampling are difti-
cult to estimate without knowledge of the
number of plots to be sampled. We assume,
however, that sampling an area pre- and post-
treatment is already required as a standard part
of activity implementation; consequently, the
cost attributable to owl monitoring would entail
those associated with measuring additional
variables specific to the owl. Thus, the total costs
of habitat monitoring should be relatively
minimal beyond that already required or in the
process of being developed independent of the
spotted owl.

Potential Experiments
Many habitat variables important to Mexi-

can spotted owls cannot be monitored by remote
sensing. Further, it is important to ensure that



adequate habirat is provided for key prey as well.
Thus, we propose some potential experiments to
relate habitat conditions to owl population
dynamics where key habitat characteristics would
be measured on the ground. On-the-ground
monitoring of relevant habitat characteristics
would quantify their change at a local (i.e.,
within quadrar) scale and relate them to owl
population dynamics.

Population monitoring based on randomly
selected quadrats provides the opportunity to
conduct experiments to extend our knowledge of
the impact of habitat manipulation on Mexican
spotted owl population dynamics. We propose
these experiments to produce credible, defen-
sible, and reliable results (sensu# Murphy and
Noon 1991). Quadrats within the monitoring
design may serve as experimental units for
examining the effects of future management
such as fires, grazing, timber harvest, and recre-
ation.

Given that a treatment is identified prior to
its occurrence, vegetation measurements can take
place on the site of the expected treatment and a
second, control quadrat that is selected based on
its similarity to the expected treatment quadrar.
This experimental design is not a true experi-
ment, because the treatment is not randomly
allocated to one of the pair of quadrats. How-
ever, this quasi-experiment is still more powerful
in developing cause-and-effect relationships
between habitat manipulations and owl popula-
tion dynamics than the more common correla-
tive designs used by past rescarchers (see II1.D
for further details on experimental design).
Further, the capability to replicate the treatment
exists because of the extensive number of quad-
rats that will be required for measuring changes
in population size.

Areas where planned treatments result in
some form of habirar alteration provide excellent
opportunities for quasi-experiments. Vegetation
measures should be taken immediately before
and after the habitac-modifying event, and
thereafter at 5-year intervals. Vegetation mea-
surements that seem especially important to
examine are tree size-class distribution, log size-
class distribution, canopy cover, and shrub cover.
Results from these experiments, coupled with
results of population monitoring, will provide
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the basis for a predictive model of spotted owl
habitat quality (assuming that owl density
reflects habitat quality). Data on apparent owl
survival and reproduction will also be available,
which may relate to habitat quality more directly
than owl density.

Alternative Designs for Population
Monitoring

Drawing New Sample of Quadrats Each Year

Instead of drawing an initial sample of
quadrats from the sampling frame and monitor-
ing these same quadrats through time, an alter-
native approach would be to draw a completely
new random sample of quadrats each year. For
repeated sampling of a set of quadrats to be
legitimate, normal activities that occur in spot-
ted owl habitat should continue during the
monitoring program, provided these activities
meet the requirements of section 7(a)(2) of the
Act by not likely jeopardizing the continued
existence of the Mexican spotted owl. The main
advantage of a new sample each year is that it
guards against the potential for land managers to
manage areas within the quadrats differently
than the remainder of the landscape. The price
of this protection is relatively great as illustrated
by these four points: (1) the logistics of conduct-
ing the surveys cach year would increase because
of the new quadrats; (2) age-specific apparent
survival rates and recruitment to the territorial
population could not be estimated with the CJS
analysis because birds would not be marked on
the same area each year; (3) quasi-experiments to
detect the relationship between habitat manipu-
lations and owl population dynamics would not
be possible; and (4) higher sampling intensities
would be required because this design is less
efficient for estimating change. Our proposed
design is intermediate between sampling the
same set of quadrats each year and a completely
new sample each year. We obtain the benefits
from both alternatives in that the correlation of
measurements for a specific quadrat across years
is used to lower the overall variance of our
population estimate, making the design more
efficient than complete replacement each year,
yet we are guarding against the potential for



sampled quadrats to be managed differently than
other areas.

Conducting Surveys Less Often Than Yearly

Instead of surveying quadrats each year,
effort and cost could be saved by conducting the
surveys at longer intervals, such as every 5 years.
An advantage of this approach is that costs will
be lowered, and possibly more precise estimates
of population size could be obtained by pooling
money to conduct a few very good surveys
instead of more frequent surveys with lower
effort per survey. The main disadvantage of this
approach is that age-specific apparent survival
rates and recruitment to the territorial popula-
tion could not be estimated with the CJS analy-
sis because birds would not be marked frequently
enough to obtain these estimates. For example,
given an estimate of 0.89 for adult survival, only
56% of the initial population would still be alive
after 5 years, resulting in small sample sizes of
recaptured birds, and hence poorer precision of
the survival estimates. Further, reproductive and
annual survival rates and their variation across
years are needed to realistically evaluate popula-
tion viability. Finally, our ability to detect
relationships between habitat manipulations and
population dynamics would be greatly decreased
because this approach is more sensitive to vari-
ability introduced by the years chosen for sam-

pling.
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Adaptive Sampling

Thompson (1992) has developed an adaptive
sampling scheme to improve the efficiency of
sampling clustered populations, such as is
probably the case for Mexican spotted owls.
Thompson’s scheme is theoretically appealing
because more effort is applied to areas where
owls are located. Under this approach, quadrats
adjoining a quadrat that contains some threshold
number of spotted owls would also be sampled.
Unfortunately, we cannot envision how to
handle the logistics of adding some unknown
number of quadrats to the sample when survey
crews must be hired, trained, and outfitted with
equipment and vehicles prior to sampling. We
suspect the logistical overhead of this approach
may make it impractical for monitoring owls on
quadrats. However, as the theory and application
of the adaptive sampling scheme is developed
further, an innovative application of the tech-
nique may be possible with our proposed quad-
rat monitoring scheme.

CONCLUSION

The technology and expertise are available to
monitor trends in Mexican spotted owl habitat
and population size. Clearly, the objectives and
design of the monitoring program must be
defined explicitly and they must be attainable.
To implement the process, knowledgeable,
dedicated people must be assigned the task.
Adequate training and constant feedback mecha-
nisms are critical aspects to a successful monitor-
ing program as tenable conclusions can be based
only on reliable dara.
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D. ACTIVITY-SPECIFIC
RESEARCH

The primary objectives of our proposed
research program are to (1) enhance understand-
ing of Mexican spotted owl biology and (2)
assess how land management practices affect the
owl population’s viability. These types of infor-
mation are necessary to complement recovery
efforts outlined in this plan. The research pro-
gram described here is different from the moni-
toring program outlined in III.C. Whereas both
programs are necessary, specific research needs
may or may not be related to monitoring. In
developing this chapter, we realized that readers
of this plan have a variety of backgrounds. Thus,
to establish a common framework for the discus-
sion of a research program for the Mexican
spotted owl, we first outline the role of the
scientific process in research and some important
aspects of study design. We then discuss some
limitations with previous research, and suggest
fucure research questions and processes that
should be examined.

ROLE OF THE SCIENTIFIC
PROCESS

Research and the reliability of knowledge
gained from research depend on appropriate
application of the scientific method. Reliable
knowledge can be defined as “the set of ideas
that agree or are consistent with the facts of
nature,” whereas “unreliable knowledge is the set
of false ideas mistaken for knowledge”
(Romesburg 1981). Three primary scientific
methods have been used in scientific research
(Romesburg 1981): (1) induction that involves
the use of repeated observations to discover laws
of association; (2) retroduction where a “best-
guess” hypothesis is developed to explain a law of
association or some set of observations; and (3)
hypothetico-deductive (HD) where a priori hy-
potheses are developed and tested, and a decision
made about whether to reject the hypotheses. It
is generally accepted in science thart application
of the HD method provides the best avenue for
gaining reliable knowledge (Platt 1964, Popper
1965, Romesburg 1981, 1991). Steps used in
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the HD method can be reiterated as follows
from Nichols (1991): “(1) suggest a hypothesis
to explain some phenomenon of interest, (2)
deduce a testable prediction from that hypoth-
esis, (3) devise and carry out a suitable test, and
(4) use observations from the test to decide
whether the prediction is met,” When observa-
tions and predictions match, the hypothesis is
corroborated; when they do not match, the
hypothesis has been falsified and can be dis-
carded. Rejection of hypotheses is key to the HD
method. Corroboration of hypotheses can result
from poor experimental designs (c.g., low
power). Therefore, knowledge in the HD
method is gained more through falsification of
hypotheses than through corroboration.

Most research related to natural resource
management and conservation has relied prima-
rily on induction and retroduction (Romesburg
1981, 1991). Induction can provide us with
reliable knowledge about associations such as the
association of Mexican spotted owls with forests
having certain structural characteristics. How-
ever, this method does not provide the mecha-
nism for understanding the processes that
underlie this association nor does it provide
reliable knowledge about cause and effect.
Whereas we can describe the structure of forests
used by spotted owls, we cannot ascertain which
structural characteristics are “important,” or why,
without application of the HD method. In
short, we can describe patterns through induc-
tion but need the HD method to understand
why those patterns occur and which components
of those patterns are “important.” In terms of
management, understanding why a pattern has
occurred and what caused it are important for
predicting effects when observed patterns are
changed.

Romesburg (1981) argued that retroduction
does not provide reliable knowledge because of
the inability of this method to falsify hypotheses
and the large number of alternative hypotheses
that could equally explain the same conclusions.
However, both induction and retroduction are
useful for describing relationships and develop-



ing hypotheses to be further tested using the HD
method. Unreliability of retroduction can be
exacerbated when untested hypotheses are
integrated into our knowledge base as dogma in
the form of scientific “rules.”

While induction and the HD method
provide a general framework for gaining reliable
knowledge, design of appropriate studies is
crucial to the application of this method in
specific situations. This applies to both describ-
ing and understanding patterns in nature. Any
management plan, including the Mexican
Spotted Owl Recovery Plan, is a complex hy-
pothesis whose rejection or corroboration is
determined by the success or failure of the plan
over the long term.

IMPORTANT ASPECTS OF
EXPERIMENTAL DESIGN

The ability to confidently infer results from a
sample to a population of interest and the
strength of that inference are entirely dependent
on study design. Reliability of knowledge and
the ability to make correct inferences are directly
proportional; the stronger the inference one can
make, the more reliable the knowledge stem-
ming from that inference. The strongest infer-
ence in understanding patterns is achieved
through controlled experiments, with the
strength of inference diminishing the further a
given study design departs from the experimen-
tal (HD) approach. However, inferences can be
weakened even in experimental studies if the
design is not valid. With Mexican spotted owls,
we would like to extend inferences to a larger
population than the one from which we
sampled. This larger population may be across
the range of the owl, within a certain recovery
unit, or on a Ranger District within a National
Forest. The ability to extend conclusions from a
study to a larger area or a longer time period
depends directly on how the study was designed
and implemented.

For our purposes, study designs can be
characterized as cither descriptive or experimen-
tal (following Eberhardt and Thomas 1991).
Descriptive studies employ survey sampling,
whereas experimental studies use treatment and
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control groups. Necessary components of the
design in both cases include: (1) randomization
where samples are randomly selected in a de-
scriptive study, or treatments and controls are
randomly assigned in an experiment; and (2)
replication of experimental units through both
space and time. Randomization removes subjec-
tive biases that may be found in descriptive
studies and guards against systematic differences
other than treatment effects in experiments.
Randomization also allows for stronger inference
to a larger population and is the theoretical basis
for employing statistical tests. Replication allows
for estimation of experimental error, a prerequi-
site for employing statistical tests. If either
randomization or replication are omitted from
an experimental design, inferences will be greatly
weakened. True replication should not be con-
fused with “pseudoreplication” where
subsampling of experimental units is confused
with replication of experimental units (Hurlbert
1984). For example, a habitat study that mea-
sures 100 vegetation plots within each of four
owl home ranges represents a sample of four, not
400. Frequently, researchers are guilty of
pseudoreplication by reporting a sample size of
400. Inferences from such a study apply only to
the 4 owls studied and not to a larger popula-
tion. Thus, adequate replication must occur at
the level of the experimental unit (in this case,
number of home ranges) to apply to a larger
population.

A major difficulty in doing field experiments
is that they are performed in an uncontrolled,
“noisy” environment (Eberhardt and Thomas
1991). Therefore, pre- and post-treatment
measurement periods in both control and
treatment groups are needed to reduce the eftects
of external variation and to ensure that a treat-
ment effect can be adequately measured. Addi-
tional important design features necessary in
field experiments include the choice of experi-
mental units (e.g., owls, owl sites), local control
(amount of balancing and blocking of experi-
mental units), and the choice of the design (e.g.,
complete block, incomplete block, factorial).

An important consideration when designing
and implementing studies that involve testing
statistical hypotheses is the power of the statisti-
cal test used (the probability of rejecting the null




hypothesis when it is false). Failure to reject a
null hypothesis is due to either (1) the null
hypothesis was indeed “true” or (2) there was
insufficient power to reject it. Thus, power
should be as high as possible (>90%) to corrobo-
rate that an unfalsified null hypothesis was
actually not false. Power is dependent on a
combination of the severity of the treatment
applied, sample size, and experimental error. If a
treatment is subtle, then a larger sample will be
necessary to achieve the same power as if a severe
treatment was used. This is important because
biological questions often involve chronic
(subtle) effects rather than acute (severe) effects.
For example, the effects of a given land manage-
ment practice may have a slight effect on adult
survival rates which may in turn have strong
effects on population viability. If an experiment
testing such an effect has low power, then it may
be tempting to state that the practice does not
significantly affect survival rates when in fact it
does. Repercussions from an experiment lacking
sufficient power would then be misleading and
result in false confidence in the health of the
population.

LIMITATIONS IN PAST
RESEARCH ON THE MEXICAN
SPOTTED OWL

Previous research on Mexican spotted owls
has been largely descriptive and has relied on
induction and retroduction; our current knowl-
edge concerning underlying ecological processes
is, therefore, limited. However, previous research
on Mexican spotted owls has provided a good
foundation to describe the natural history of the
species and to generate hypotheses for experi-
mental tests with the HD method. Additional
limitations on conclusions from previous re-
search result from (1) lack of randomization in
selecting experimental units and study areas, (2)
lack of true replication (including small sample
sizes), and (3) lack of experiments. The follow-
ing discussion is not meant as criticism of
specific research studies or scientists. Many of
the previous studies have been hampered by
inadequate funding and logistical constraints
beyond the investigators’ control. These factors
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are not unique to research on the Mexican
spotted owl; they are common to research on
numerous species, including both the northern
and California spotted owls.

Lack of randomization and replication has
hampered the ability to infer from particular
samples to the general. In a number of studies,
pseudoreplication has also been confused with
true replication, weakening inferences even
further. For example, most of the habitat studies
using radiotelemetry have suffered from
pseudoreplication. These studies typically
sampled few (4-10) birds, but sampled habitat
characteristics within these few birds’ home
ranges extensively. In testing hypotheses, the
number of subsamples were used, rather than the
number of owls, to estimate error terms used in
statistical tests. Such pseudoreplication lends an
incorrect perception of adequate power to
statistical tests which may lead to incorrect
conclusions. However, repetition of home-range
studies over additional areas has strengthened
inferences concerning certain habitart associa-
tions.

Controlled experiments have not been used
in research on Mexican spotted owls. Lack of
experiments is probably related to the need to
quickly identify basic aspects of spotted owl
natural history and apply this information to
management situations. However, experiments
are critical for defining the impacts of current
and proposed management activities on Mexican
spotted owls.

RESEARCH NEEDS

Several management issues and questions
must be resolved to better understand and
implement recovery measures for the Mexican
spotted owl. Communication and collaboration
between people with strong research skills and
people with strong management skills will be a
key component in this process. Managers need
to better understand the methods, problems and
uncertainties involved with research. Research-
ers, on the other hand, must rely on managers to
identify appropriate questions, political and legal
constraints, and to develop appropriate imple-
mentation of knowledge derived from research



results. Too often researchers design and imple-
ment studies that do not adequately address
management problems. People having both
research and management skills will hopefully
bridge the gap between management and re-
search disciplines. Both time and money are
short. Clearly, all research questions cannot be
answered within a short time frame. Therefore,
we advocate that a series of crucial experiments
be implemented that address questions most
relevant to the needs of management agencies.
The following example of such an experiment
addresses the question, “what structural features
in forest habitat are needed to maintain high
ficness in Mexican spotted owls,” where fitness is
some function of survival and reproduction:

¢ Determine appropriate statistical hy-
potheses (predictions) and response
variables to be tested. Testing fitness
directly through survival and reproduc-
tive rates may not be feasible because of
the prohibitively large samples needed ro
detect chronic effects and ethical prob-
lems in purposely affecting survival of
the owls. However, appropriate hypoth-
eses from the initial question is that
decline in foraging use and prey avail-
ability in altered habitats would directly
affect fitness.

e Determine the extent and magnitude of
treatments to apply to forested habitat.
For example, testable research hypotheses
could be that the extent of large trees in
sites affects foraging use by owls and prey
abundance. Treatments may be nested so
that the same experimental units can be
used in repeated experiments, assuming
that treatments can be decided upon
beforchand and applied consecutively. In
addition, treatments need not be “nega-
tive” by removing habitat components
but can be “positive” by treating previ-
ously impacted habitats. Thus, careful
planning is needed at this stage.

e Randomly select # spotted owl sites so
that sufficient power can be achieved to
detect differences in foraging by owls
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between treatments. Attach radio-
transmitters to owls within sites.

+  Collect pre-treatment data and define
high-use areas by owls within all sites.

*  Randomly assign treatment and control
classifications to the 7 owl sites.

e Apply the treatment to high-use foraging

areas within treatment sites only.
*  Collect post-treatment data.

. Test for differences between treatment
and control groups.

. Continue the same procedure with
additional treatments.

While not ideal, such an experiment illus-
trates the principles of scientific experimental
design necessary to achieve reliable knowledge
concerning spotted owl habitat use and, indi-
rectly, fitness, as a function of forest structure.
Such crucial experiments are difficult to design,
require commitments of funding, and scientific
imagination because of ethical constraints and
the limitations on allowable habitat alterations
proposed in this plan. However, these types of
experiments also more rapidly answer pressing
management questions.

We recommend research on the following
questions about Mexican spotted owls that still
need answers. Clearly, a large number of research
questions could be developed that address all
aspects of Mexican spotted owl biology for
which knowledge is lacking. However, we pose
what we believe are the most crucial questions
that need to be addressed in terms of immediate
management problems and the recovery of the
owl. Studies designed to answer these questions
will be descriptive, experimental, or a combina-
tion of both.

Dispersal

Dispersal is a key process in metapopulation
theory and to maintain genetic diversity between




isolated subpopulations (Keitt et al. 1995). Key
questions include:

¢ Are subpopulations within and between
Recovery Units connected?

»  What habitats and large-scale habitat
configurations do dispersing juveniles
require to maintain adequate survival
rates during dispersal?

Genetics

Mexican spotted owl populations are natu-
rally fragmented across their range. Genetics can
provide insight into historical connections
between subpopulations. Therefore, questions
on genetics also relate to dispersal. Key questions
include:

*  Are subpopulations within and between
Recovery Units genetically isolated and
to what degree?

. What is the extent of genetic interchange
across the entire range of the owl?

Habitat

Mexican spotted owls use a variety of
habitats ranging from canyons to forested areas
(Ganey and Dick 1995). Key questions include:

. To what extent is habitat use determined
by various factors, such as prey availabil-
ity, temperature regulation, and/or
avoidance of predators?

. What habitat components confer high
fitness?

. How do land management activities,
specifically grazing, timber harvest, fire,
and recreation use, proximately affect
habitat use and ultimately affect fitness?

Population Biology
Currently, little is known about Mexican
spotted owl populations. Key questions can be

addressed with our proposed monitoring plan:

. Is the Mexican spotted owl population
stable, increasing, or declining?
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*  Are some subpopulations increasing
while others are decreasing within the
range of the owl?

Threats to Recovery

Perceived threats need to be examined in
relation to current management strategies to
examine whether these strategies are appropriate
and to develop appropriate management strate-
gies. Key questions include:

e What management strategies can be
employed to reduce to possibility of
catastrophic loss of owl habitat by fire
while maintaining important habitat
components?

. To what extent does disturbance from
recreation, vehicles, etc. affect use of sites
by spotted owls?

. How does grazing affect prey abundance
in habitats used by spotted owls for
foraging?

Other Ecosystem Components

Implementation of the recovery measures for
the Mexican spotted owls will directly and
indirectly affect numerous ecosystem attributes.
Research is needed to determine the extent of
these effects on biotic and abiotic components,
and ecosystem processes and function. Key
questions are:

*  What are the effects of this recovery plan
on other vertebrates?

. What are the effects of implementing the
Plan on nonvertebrates?

. What are the effects of implementing the
Recovery Plan on plant community
structure and composition?

e What are the effects of implementing the
Recovery Plan on abiotic ecosystem
processes (e.g., hydrological systems)?

e What are the effects of implementing the
plan on ecosystem structure and func-
tion?

»  How might the recovery plan be adjusted
to mitigate potentially deleterious effects
on other ecosystem attributes?
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E. SUMMARY OF RECOVERY

The ultimate goal of this Recovery Plan is
to “recover” the Mexican spotted owl from
threatened status. This action is referred to as
“delisting” and is governed by section 4 of the
Act. Delisting the Mexican spotted owl will
require reexamination of the same five factors
considered during every listing process. In
addition, five specific criteria have been devel-
oped to aid the delisting determination. Three of
these criteria pertain to the entire range of the
owl and two refer to a recovery unit level. The
rangewide delisting criteria are:

1. The populations in the Upper Gila
Mountains, Basin and Range-East, and
Basin and Range - West RUs must be
shown to be stable or increasing after 10
years of monitoring, using a study design
with a power of 90% to detect a 20%
decline with a Type I error rate of 0.05.

Scientifically-valid habitac monitoring
protocols are designed and implemented
to assess (a) gross changes in habitat
quantity across the range of the Mexican
spotted owl, and (b) whether microhabi-
tat modifications and trajectories within
treated stands meet the intent of the
Recovery Plan.

A long-term, U.S.-rangewide manage-
ment plan is in place to ensure appropri-
ate management of the subspecies and
adequate regulation of human activity
over time.

Once the above three criteria are met,
delisting may occur in any RU that meets the
final two criteria:

4. Threats to the Mexican spotted owl
within the RU are sufficiently moderated
and/or regulated.

5. Habitat of a quality to sustain persistent
Mexican spotted owl populations is
stable or increasing within the RU.
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Recovery of the Mexican spotted owl hinges
on successful implementation of three inter-
related programs: population and habitat moni-
toring, management guidelines, and research.
These aspects are not intended to stand alone;
thus, all programs must be implemented simul-
taneously. For example, monitoring provides a
measure of the effectiveness of the management
guidelines. Without such monitoring, we will
have no basis for determining whether manage-
ment guidelines lead to the desired outcomes,
and thus whether the bird should be delisted.
Research is needed to answer key questions
relevant to the Mexican spotted owl, particularly
how implementation of management recom-
mendations will affect the Mexican spotted owl
and its habitat. The knowledge derived from this
research will provide a scientific basis for revising
short-term guidelines and developing a long-
term management plan.

We have proposed a quadrat sampling
scheme and provide detailed considerations for
determining spotted owl population trends
within the Upper Gila Mountains, Basin and
Range - East, and Basin and Range - West RUs.
Population monitoring is not required for other
recovery units because of sampling constraints
posed by smaller population sizes. The suggested
scheme provides a statistically valid means for
assessing population change Initial cost esti-
mates for the owl monitoring scheme will range
from $1.2 to $1.5 million per year.

Habitat monitoring is needed to estimate
trends in the quantity and quality of the owl’s
habitat through time. Rangewide monitoring of
the owl’s habitat should be conducted in con-
junction with population monitoring. Because
of the areal extent over which monitoring will be
required, we propose the use of satellite imagery
for tracking gross losses in habitat. We also
propose that field sampling be conducted in
conjunction with planned management treat-
ments. Treatments include the use of prescribed
fire, thinning, and silviculture. Monitoring
should be done prior to and immediately follow-
ing the treatment, and then at five-year intervals.
The objective of this sampling is to determine



changes to microhabitat features and also to
verify that vegeration was placed or continues on
a trajectory to become replacement habitat.

Threats to be moderated include those that
need site-specific treatment to alleviate them,
such as the reduction of the risks of catastrophic
fire. For threats to be considered moderated,
reasonable progress must have been made to
remove identified threats and there must be
adequate assurance that management programs
will continue. Long-term management plans are
needed to guide management after the bird is
delisted. Threats to be regulated include those
resulting from agency management programs or
other anthropogenic activities that are either
ongoing or reasonably certain to occur. These
types of threats include wildfire hazard, timber
harvest, urban or rural land development,
grazing, and recreation.

A primary focus of this Recovery Plan is to
provide recommendartions that will moderate or
regulate threats over the short term (10-15
years). Conceptually, this requires the presence
of 2 mosaic of successional stages throughout a
landscape comprised of the different habitats
used by Mexican spotted owls. The arrangement
and diversity of these habitats must promote the
owl’s persistence. The short-term strategy is
aimed at protecting existing owl habitat and
initiating a process to develop replacement
habitat. Although the approach is not com-
pletely synonymous with ecosystem manage-
ment, implementation of the recommendations
should sustain biotic diversity and natural
processes by managing several forest and wood-
Jand systems used by the owl. Recommendations
include management of mixed-conifer and pine-
oak forests, and riparian areas. Ponderosa pine
and spruce-fir forests are also considered to a
limited degree.

Several potential threats to the owl were
identified by examining the best available infor-
mation on the owl’s biology, and by evaluating
ecological disturbance patterns and current
conditions throughout the owl’s range. Primary
threats include catastrophic fire, timber and
fuelwood harvest, grazing, and recreation. The
magnitude of a threat’s influence on the owl can
vary according to temporal and spatial setting.
For this reason, general recommendations were
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developed by habitat type which apply through-
out the owl’s range, and are emphasized accord-
ing to the magnitude of the threats within each
RU. The recommendations were also designed
to provide different levels of protection depend-
ing on the owl’s use of a particular habitat, the
nature of the threats, and management potential.
Our intent was to offer the most specific recom-
mendations that the best available information
would permit while allowing land managers
flexibility for implementing the recommenda-
tions.

Three areas of management are provided
under the general recommendations: protected
areas, restricted areas, and other forest and
woodland types. Protected areas receive the
highest level of protection. Recovery plan
guidelines take precedence over other manage-
ment guidelines in protected areas. Guidelines
for restricted areas are less specific and operate in
conjunction with existing management guide-
lines. Specific guidelines are not proposed for
other forest and woodland types.

Protected areas are all occupied nest or roost
areas, all areas with slope >40% where timber
harvest has not occurred in the past 20 years,
and all legally administered reserved lands.
Protection of owl nest and roost areas will be
established by designating an area of protection
around an activity center (PAC). This will
require (1) inventory of spotted owls before
planning any management activity that will alter
stand structure; (2) delineating PAC areas of 243
ha (600 ac) for all known Mexican spotted owl
sites, including sites located prior to proposed
management activities; and (3) light burning in
PAC:s if considered necessary and prudent to
reduce risk of catastrophic loss. Further, a fire
abatement program is proposed to allow treat-
ment of small fuels within PACs and minimize
probabilities of catastrophic fire. The purpose of
PACs is to provide refugia habitat until it can be
demonstrated reliably that owl habitat can be
created through management. In addition,
harvest of trees <22.4 cm (9 inches) dbh is not
allowed on slopes >40% where timber harvest
has not occurred in the past 20 years. However,
light burning and prescribed natural fire man-
agement is permitted. Prescribed natural fire is



also encouraged on reserved lands (e.g., wilder-
ness, Research Natural Areas) where appropriate.

We recommend that management activities
be restricted on some lands outside of protected
areas because patterns of owl use can be expected
to change over time. The guidelines depend
upon forest or woodland type. Silvicultural
prescriptions should emphasize measures to place
stand conditions on a trajectory to become owl
habitat where appropriate. Stands that currently
meet or exceed threshold conditions are subject
to more stringent restrictions than other stands.
Specific management prescriptions should be site
specific and will vary according to short- or
long-term objectives.

Short-term guidelines should not be miscon-
strued as onetime management events. For
example, large trees and snags are used by the
spotted owl and will continue to be needed
beyond the life of the plan. Long-term guide-
lines are recommended for those activities and
natural processes that combine to influence the
owl and its habitat beyond the life expectancy of
this Recovery Plan.

In addition, riparian communities should be
managed by maintaining broad-leaved forests in
healthy condition where they occur, especially in
canyon-bottoms. Restoration may be necessary
where such forests are not regenerating ad-
equately. Conceivably, restored riparian forests
could contribute additional nesting, wintering
and dispersal habitat in the future. A mix of
plant size and age classes should be emphasized
in this community, to include large mature trees,
vertical diversity, and other structural characteris-
tics.

No specific guidelines are recommended in
forest or woodland types not typically used by
the owl for nesting. These include ponderosa
pine, spruce-fir, pinyon-juniper, and quaking
aspen in areas outside of PACs. However, some
relevant management of these communities may
produce desirable results for owl recovery.
Examples of guidelines include managing for
landscape diversity, mimicking natural distur-
bance patterns, incorporating natural variation
in stand conditions, retaining special features
such as snags, and utilizing fire in an appropriate
manner.

Livestock and wildlife grazing may influence
spotted owls by altering (1) prey availability, (2)
fire risk of some habitats, (3) riparian plant
communities, and (4) development of spotted
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ow] habitat. The Team strongly advocates field
monitoring and experimental research related to
impacts of grazing on the Mexican spotted owl.
Other specific guidelines include (1) monitoring
grazing use by livestock and key wildlife species
(e.g. elk, deer), (2) implementing and enforcing
grazing utilization standards that attain good to
excellent range use standards, and (3) protecting
or restoring riparian communities. These guide-
lines are emphasized in protected, restricted, and
riparian areas.

Several guidelines for managing recreation in
protected, restricted, and riparian areas are
recommended. These include: (1) no construc-
tion, either of new facilities or for expanding
existing facilities, is allowed within PACs during
the breeding season; (2) construction during the
nonbreeding season should be considered on a
case-specific basis; (3) managers should, on a
case-specific basis, assess the presence and
intensity of allowable recreational activities
within PACs; and (4) seasonal closures of specifi-
cally designated recreation activities should be
considered in extreme circumstances.

Several important questions regarding the
owl’s ecology, and in particular about the effects
of different management activities on the owl’s
population viability, still remain. The Team
recommends additional research on Mexican
spotted owl dispersal, genetics, habitat ecology,
and population biology. Key information that is
vital for refining recovery strategies include (1)
the degree of demographic and genetic isolation
among subpopulations; (2) the relationship
between fitness and specific habitat components;
(3) population trend. Communication and
collaboration between researchers and managers
will be paramount for obtaining necessary
information.

This Recovery Plan presents realistic goals
for recovery of the Mexican spotted owl and its
ultimate delisting. The goals are flexible in that
they allow local land managers to make site-
specific decisions about management for recov-
ery. The success of the recovery process hinges
on commitment and coordination among
Federal and State land management agencies,
sovereign Indian Nations, and the private sector
to ensure that the plan is followed and executed
as intended by the Team.
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A. IMPLEMENTING LAWS, REGULATIONS,
AND AUTHORITIES

Part 1V discusses laws, regulations, policies,
and authorities directly relevant to implementing
the recovery recommendations included in Part
I11. An approach to implementation oversight is
also recommended. Finally, a stepdown outline
of recovery tasks and an implementation sched-
ule are provided.

This Mexican Spotted Owl Recovery Plan is
based or predicated upon laws that designate
specific legal authority and responsibility to
government agencies for managing public
resources, including wildlife and wildlife habitat.
The following summarizes relevant laws and
authorities applicable to implementation of this
Recovery Plan.

ENDANGERED SPECIES ACT

Section 2(c)(2) of the Act expresses the
policy of Congress that “...all Federal depart-
ments and agencies shall seck to conserve endan-
gered species and threatened species and shall
utilize their authorides in furtherance of the
purposes of [the] Act.” Section 7(a)(1) of the
Act requires Federal agencies to “...utilize their
authorities in furtherance of the purposes of the
Act by carrying out programs for the conserva-
tion of endangered species and threatened
species....” Thus, Congress clearly intended
conservation of endangered and threatened
species to be considered in implementation of
Federal programs and actions. In addition, other
Federal laws and regulations require consider-
ation of endangered and threatened species in
program implementation, including the Na-
tional Forest Management Act (NFMA) and the
National Environmental Policy Act (NEPA).

Implementation of the Act is the responsibil-
ity of the Secretary of the Interior for listed
terrestrial species. The Secretary generally del-
egates implementation authority to the FWS.
The following sections of the Act are relevant to
implementation of species recovery efforts:
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Section 4

Section 4 includes the listing and recovery
provisions of the Act, which are discussed in
detail in Part 1. Section 4(b) of the Act provides
for designation of critical habitat for endangered
and threatened species. Regulations governing
critical habitat designation are codified at 50
CFR 424. Protection of critical habitat is admin-
istered under section 7 of the Act (discussed
below). Critical habitat is defined under section

3(5)(A) of the Act as:

“(i) the specific areas within the geographi-
cal area occupied by the species...on
which are found those physical or
biological features (I) essential to the
conservation of the species and (II)
which may require special management
considerations or protection; and

(ii) specific areas outside the geographical
area occupied by the species...upon a
determination by the Secretary that such
areas are essential for the conservation of
the species.”

Section 4(d) of the Act provides for pro-
mulgation of special rules for threatened
species only. This allows the Secretary to issue
regulations as deemed necessary for the conserva-
tion of such species. Special rules can be useful
in enacting regulatory provisions uniquely
applicable to the species at hand, and can be
promulgated to avoid unnecessary regulatory
burden. For example, the FWS is considering a
special 4(d) rule to allow small landowners in the
Pacific Northwest to harvest timber and conduct
other activities without risk of violating the
prohibition of incidentally taking (see definition
under Section 9, below) northern spotted owls.



Section 5

Section 5 directs the Secretary to utilize
funds and authorities of other laws in acquisition
of lands, as deemed appropriate for conservation
of endangered and threatened species.

Section 6

This section authorizes cooperation with the
States in conservation of threatened and endan-
gered species. Among its provisions is the au-
thority to enter into management agreements
and cooperative agreements and to allocate funds
to the States that have entered into such agree-
ments.

Section 7

Section 7 and its implementing regulations
at 50 CFR 402 govern cooperation between
Federal agencies. Federal agencies must, in
consultation with and with the assistance of the
Secretary, ensure that any action they fund,
authorize, or carry out is not likely to jeopardize
the continued existence of listed species or result
in the destruction or adverse modification of a
listed species’ designated critical habitat. Regula-
tions at 50 CFR 402 provide the following
definitions:

“Jeopardize the continued existence of’
means to engage in an action that reason-
ably would be expected, directly or indi-
rectly, to reduce appreciably the likelihood
of both survival and recovery of a listed
species in the wild by reducing the repro-
duction, numbers, or distribution of that
species.”

“Destruction or adverse modification’

means a direct or indirect alteration that

appreciably diminishes the value of critical
habitat for both the survival and recovery
of a listed species.”

Section 7 requires action agencies to assess
the effects of proposed actions on listed species

and their critical habitat. If, as a result of that
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assessment, the agency determines that an action
may affect a listed species or its critical habitat,
the agency must enter into consultation with the
FWS. That consultation may result in a biologi-
cal opinion from the FWS, in which a determi-
nation is made as to whether jeopardy to the
species and/or destruction or adverse modifica-
tion of its critical habitat are likely to result from
the agency action.

If a biological opinion concludes that jeop-
ardy to the species and/or adverse modification
of its critical habitat are not likely to result from
a proposed action, the action may proceed. The
FWS may provide conservation recommenda-
tions to the agency on ways to minimize or
avoid potential adverse effects on listed species
and/or critical habitat. Implementation of these
conservation recommendations is at the action
agencies’ discretion. In cases where the action is
likely to result in the incidental taking of a
species (see definition under “Section 9,” below),
the Service may provide reasonable and prudent
measures to minimize the amount or extent of
incidental take. The terms and conditions that
accompany and implement any reasonable and
prudent measures are nondiscretionary and must
be implemented. However, reasonable and
prudent measures and their implementing terms
and conditions cannot alter the basic design,
location, scope, duration, or timing of the
action; and they may involve only minor
changes.

If a biological opinion determines that
jeopardy and/or adverse modification is likely to
result from a proposed action, the FWS and the
action agency develop reasonable and prudent
alternatives, if any, to the proposed action.
Reasonable and prudent alternatives refer to
alternative actions that are consistent with the
intended purpose of the proposed action, that
can be implemented within the action agency’s
legal authority, that are economically and tech-
nologically feasible, and that the FWS believes
will not result in jeopardy to listed species or
destruction or adverse modification of critical
habitat. If no reasonable or prudent alternatives
can be identified, the action agency may apply to
the Endangered Species Committee for an
exemption to the prohibition of jeopardy and/or



destruction or adverse modification of critical
habitat.

Section 8

Section 8 authorizes international coopera-
tion in conservation of endangered and threat-
ened species. Included under this section is the
authority to provide financial assistance to
foreign countries to assist in their conservation
efforts.

Section 9

Section 9 covers prohibirted acts in regard to
listed species. Of relevance to the Mexican
spotted owl is the prohibition of taking indi-
viduals. “Take” is defined as “...to harass, harm,
pursue, shoot, wound, kill, trap, capture, or
collect, or to attempt to engage in any such
conduct.” Permits for direct taking of threat-
ened species may be issued for scientific pur-
poses, to enhance propagation or survival, in
cases of economic hardship, for zoological
exhibition, or for educational purposes (50 CFR
17.32).

Taking of spotted owls is most likely to
occur through “incidental take.” “Incidental
take” is defined as taking that results from, but is
not the purpose of, carrying out an otherwise
lawful activity. Incidental taking of spotted owls
may result from such actvities as timber harvest,
if that activity results in habitat loss to an extent
that an individual spotted owl’s normal behavior
patterns are impaired. In cases where incidental
taking will not result in jeopardy to a listed
species, the FWS may issue an incidental take
statement in a biological opinion on a proposed
Federal action, thereby removing the take
prohibition. Relief from the taking prohibition
for non-Federal activities is discussed under
“section 10” below.

Section 10

Section 10 authorizes the FWS to issue
permits for takings otherwise prohibited under
section 9. Such permits may be issued for re-

search purposes and the other situations de-

Volume [/Part IV

Mexican Spotted Owl Recovery Plan

scribed above. In addition, section 10(a)(1)(B)
allows permits for incidental taking that may
result from an activity, provided an applicant
submits a conservation plan that specifies:

“(i) the impact which will likely result
from such taking;

(ii) what steps the applicant will take to
minimize and mitigate such impacts,

and the funding that will be available

to implement such steps;

(iii) what alternative actions to such taking
the applicant considered and the
reasons why such alternatives are not
being utilized; and

(iv) such other measures that the [FWS]
may require as being necessary or
appropriate for purposes of the plan.”

NATIONAL FOREST
MANAGEMENT ACT

The NFMA governs Forest Service Manage-
ment on National Forest System lands. Section
219.19 (Fish and wildlife resources) states:

“Fish and wildlife habitat shall be managed
to maintain viable populations of exist-
ing native and desired nonnative verte-
brate species in the planning area. For
planning purposes, a viable population
shall be regarded as one which has the
estimated numbers and distribution of
reproductive individuals to ensure its
continued existence is well distributed in
the planning area. In order to ensure that
viable populations will be maintained,
habitat must be provided to support, at
Jeast, a minimum number of reproduc-
tive individuals and that habitat must be
well distributed so that those individuals
can interact with others in the planning
area.”

In formulating alternatives during project
planning, the following is required in regard to

fish and wildlife habitat:



“Each alternative shall establish objectives for
the maintenance and improvement of
habitat for management indicator species...to
the degree consistent with overall multiple-
use objectives of the alternative. To meet this
goal, management planning for the fish and
wildlife resources shall meet the require-
ments set forth [as follows:]

(1) In order to estimate the effects of each
alternative on fish and wildlife popula-
tions, certain vertebrate and/or inverte-
brate species present in the area shall be
identified and selected as management
indicator species and the reasons for their
selection will be stated. These species
shall be selected because their population
changes are believed to indicate the
effects of management activities. In the
selection of management indicator
species, the following categories shall be
represented where appropriate:

Endangered and threatened plant and
animal species identified on State and
Federal lists for the planning area;

Species with special habitat needs that
may be influenced significantly by
planned management programs;

Species commonly hunted, fished, or

trapped;

Nongame species of special interest;
and

Additional plant or animal species
selected because their population
changes are believed to indicate the
effects of management activities on
other species of selected major biologi-
cal communities or on water quality.

“On the basis of available scientific
information, the interdisciplinary team
shall estimate the effects of changes in
vegetation type, timber age classes,
community composition, rotation age,
and year-long suitability of habitat
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related to mobility of management
indicator species. Where appropriate,
measures to mitigate adverse effects shall
be prescribed.

Planning alternatives shall be stated and
evaluated in terms of both amount and
quality of habitat and of animal popula-
tion trends of the management indicator
species.

Biologists from State fish and wildlife
agencies and other Federal agencies shall
be consulted in order to coordinate
planning for fish and wildlife, including
opportunities for the reintroduction of
extirpated species.

(4) Access and dispersal problems of hunt-

ing, fishing, and other visitor uses shall

be considered.

5)

(7)

The effects of pest and fire management
on fish and wildlife populations shall be

considered.

Population trends of the management
indicator species will be monitored and
relationships to habitat changes deter-
mined. This monitoring will be done in
cooperation with State fish and wildlife
agencies, to the extent practicable.

Habitat determined to be critical for
threatened and endangered species shall
be identified, and measures shall be
prescribed to prevent the destruction or
adverse modification of such habirat.
Objectives shall be determined for
threatened and endangered species that
shall provide for, where possible, their
removal from listing as threatened and
endangered species through appropriate
conservation measures, including the
designation of special areas to meet the
protection and management needs of
such species.”



NATIONAL ENVIRONMENTAL
POLICY ACT

The NEPA requires Federal agencies to
prepare Environmental Impact Statements (EIS)
or Environmental Assessments (EA) for imple-
mentation of agency actions and issuance or
modification of agency policies and guidance.
Impacts of the proposed action or policy amend-
ment on endangered and threatened species
must be evaluated. If a deciding official deter-
mines that no significant impact will result from
an action or policy amendment, a Finding of No
Significant Impact is issued. If an agency deter-
mines that a significant impact will result from
the proposed action or policy amendment, an
EIS must be prepared. An EIS addresses a range
of alternatives. It is released for public review
and comment, after which an alternative is
selected and a Record of Decision is signed by

the deciding official.
MIGRATORY BIRD TREATY ACT

Prior to listing the Mexican spotted owl as
threatened, the Migratory Bird Treaty Act
(MBTA) provided the only Federal protection
for the subspecies other than that afforded by
land-management agencies. Under the provi-
sions of the MBTA, it is unlawful to pursue,
hunt, take, capture, or kill in any manner any
migratory bird unless permitted by regulations.
The MBTA applies in both the U.S. and
Mexico. Because the Mexican spotted owl
exhibits migratory behavior in some areas it is
included on the list of birds protected under the
MBTA.

TRIBAL LANDS

The Recovery Team encourages adoption of
the recovery recommendations by all Tribes
administering lands that support Mexican
spotted owl habitat. Tribal land-management
regulations and programs, including those for
conservation of species, typically require enact-

ment by Tribal Councils.
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STATE AND PRIVATE LANDS

Although relatively few Mexican spotted
owls are known on State and private lands, the
Team recommends that States continue and/or
begin a program to inventory forested areas for
the presence of Mexican spotted owls. The
Recovery Team is unaware of any State laws or
regulations that govern management of spotted
owl habitat on State or private lands. The Recov-
ery Team recommends incorporating the recov-
ery recommendations into State wildlife and
forest practices laws and regulations. In addition,
the Recovery Team encourages the FWS to
evaluate the importance of State and private
lands to the Mexican spotted owl, and to con-
sider promulgating a special rule under section
4(d) of the Act that specifies habitat-altering
activities that can be allowed on private lands
without violating the prohibition of incidentally
taking Mexican spotted owls.

MEXICO

The Recovery Team is unfamiliar with the
laws, regulations, and authorities that are avail-
able or appropriate for implementing the recov-
ery recommendations in Mexico. As recom-
mended later in Part IV, the Recovery Team
expects the FWS to arrange a meeting with
Mexican officials to discuss the Recovery Plan
and its implementarion.
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B. IMPLEMENTATION
OVERSIGHT

RECOVERY UNIT
WORKING TEAMS

The Team strongly recommends formation
of interagency working teams whose responsibil-
ity would be to oversee the implementation of
the Recovery Plan. These Recovery Unit Work-
ing Teams would coordinate with and report to
the Recovery Team, which would evaluate any
Working Team recommendations before passing
them on to the FWS. Working Teams for each
U.S. Recovery Unit should be appointed by the
FWS as subunits under the Recovery Team
umbrella. Recovery Team members may also
serve on Recovery Unit Working Teams if that
arrangement is agreeable. Membership of the
Working Teams should include, at a minimum,
one representative from each of the following:

1.  Each involved FWS Ecological Services
Field Office

2. Each involved FS Region
3.  Fach involved State
4. FEach involved Indian Reservation

5.  Any other involved agency (e.g., BLM,
NPS).

Fach Working Team should have a research
scientist among its membership. That person
may be affiliated with one of the agencies listed
above, or may be independent. In addition to
the above, other interested persons approved by
the Recovery Team and the FWS should be
allowed to participate if they so request. Such
participants may include a representative from a
conservation organization, a representative from
the timber or other affected industry, a represen-
tative from an interested county or other local
government agency, and others as appropriate.
Such a diverse membership would allow ideas of
varying viewpoints to be discussed and would
allow local interested parties to participate in
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plan implementation and resolution of local
issues. Working Teams for cach Mexican Recov-
ery unit should be similarly composed.

Once the FWS formulates a membership
list, that list should be submitted to the Recov-
ery Team for review. The Recovery Team would
then request the FWS’s Southwest Regional
Director’s approval. Travel costs for each member
would be borne by the member’s agency or
organization.

The functions of the Recovery Unit Working
Teams should include the following:

1. Provide technical assistance to agencies
and landowners on such issues as project
designs, spotted owl management plan
development, and Recovery Plan compli-
ance. The Recovery Team strongly
encourages conducting Recovery Plan
implementation workshops to provide
biologists, foresters, and other land-
management personnel a common
working knowledge of the provisions of
this Recovery Plan. For example, a work-
shop to develop procedures for delineat-
ing PACs would encourage consistent
application of recovery recommenda-
tions. Specific workshop recommenda-
tions are provided in IV.C.

2. Provide guidance and interpretation on
implementation of the recommendations
contained in this Recovery Plan.

3.  Provide research assistance by procuring
financial and logistic support, screening
research proposals for importance and
relevance, recommending to the Recov-
ery Team prioritization of research
proposals, and other functions.

4. Recommend Recovery Plan revisions
based on research results that may

enhance recovery efforts in that
specific RU.



5.  Prioritize areas to be inventoried within

the RU.

Promote communication between
various local interests and help resolve
conflicting interpretations of the Recov-
ery Plan provisions.

Monitor plan implementation and
report problems, successes, and general
recovery progress to the FWS and the
Recovery Team at least annually.

CONTINUING DUTIES OF THE
RECOVERY TEAM

The Recovery Team recommends that it be
continued throughout Recovery Plan implemen-
tation. Once the final Recovery Plan is com-
plete, the Recovery Team should meet at least
twice per year for the first two years and annu-
ally chereafter. The purpose of these meetings
would be to hear and discuss plan implementa-
tion reports with the Recovery Unit Working
Teams, and to report to the FWS on the progress
of the recovery effort. The Team would also
consider recommendations from Recovery Unit
Working Teams and decide what recommenda-
tions should be brought forward to the FWS as
potential revisions to the Recovery Plan.
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CENTRALIZED SPOTTED OWL
INFORMATION REPOSITORY

The Recovery Team recommends that a
central Mexican spotted owl data facility be
maintained throughout the life of the Recovery
Plan. The main purpose of such a facility would
be to house a spotted owl GIS database, includ-
ing data assembled through the monitoring
program, inventory program, and other pro-
grams recommended in this Recovery Plan. In
addition, the facility would maintain and peri-
odically update a Mexican spotted owl bibliogra-
phy.

Such a facility would be a valuable resource
for biologists, land managers, researchers, and
others who may need information throughout
the plan implementation period. Considerable
information, assembled as a result of develop-
ment of this plan, is already stored in a GIS
system maintained by the National Biological
Service’s Midcontinent Ecological Science
Center (formerly the National Ecology Research
Center) in Fort Collins, Colorado; continuance
of that arrangement is recommended by the
Team. In addition, a considerable “Literature
Cited” section is included in this plan, which
should provide a good start to development of a
Mexican spotted owl bibliography.
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C. STEPDOWN OUTLINE

Thhis section lists specific tasks that need to
be implemented according to the recovery
recommendations in Part I1I, plus Recovery Plan
oversight provisions discussed earlier in Part IV.
This list is in a stepdown format, as required in
the FWS recovery planning guidelines. Each task
is also listed in Table IV.D.1, where the respon-
sible parties for task implementation and the
estimated costs of carrying out the tasks are
provided. Tasks are categorized as follows:

1. Resource Management Programs. Many of
the recovery recommendations relate to
spotted owl considerations that should be
incorporated into planning for other
resource management objectives such as
timber harvest, recreation, and manage-
ment of other species.

2. Active Management. These recovery
tasks are to be implemented actively.
They include forest health enhancement
and protection, riparian restoration, and
development of a long-term spotted owl
management plan.

3. Monitoring. These recommendations
relate to monitoring the spotted owl
population and habitat.

4. Research. These recommendations
include research studies designed to
increase life-history knowledge of the
subspecies and to test the effects of land
management activities on spotted owls.

5. Quersight, Review, Evaluation, and
Revision. These tasks are necessary to
monitor the Recovery Plan’s effectiveness
and to determine if and when Recovery
Plan revision is necessary.
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1. Resource Management Programs

11. Incorporate recovery recommendations

(Part IIT) into land management
programs.

111. Conduct the NEPA process to
amend appropriate land manage-
ment guidance and policy docu-
ments (Federal lands).

1111. ES
1112. BLM
1113. NPS
1114. DOD

112. Incorporate recovery recommenda-
tions into Tribal management plans.

1121. White Mountain Apache
1122, Mescalero Apache

1123. San Carlos Apache

1124. Navajo

1125. Other tribes

113. Incorporate recovery recommenda-
tions into State regulations pertain-
ing to timber harvests and other
activities on State and private lands.

1131. Arizona
1132. New Mexico
1133. Utah

1134. Colorado

114. Incorporate recovery recommenda-
tions into Mexican policy
documents.

1141. Arrange a meeting between
FWS, Recovery Team, and
Mexican representatives to
discuss provisions of the
Recovery Plan.



1142. Conduct actions necessary
to officially adopt Recovery

Plan recommendations into
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2123. San Carlos Apache
2124. Navajo
2125. Other tribes

Mexican law and/or policy,

as appropriate. 213. State and private lands
12.  Conduct pre—project Mexican spotted owl 2131. Arizona
inventories in project areas. 2132. New Mexico
2133. Utah
121. Federal agencies 2134. Colorado
1211. ES 214. Mexico
1212. BLM
1213. NPS 22. Actively manage riparian habitat
1214. DOD (c.g., restore degraded areas).
122, Tribes 221. Lowland riparian
1221. White Mountain Apache 2211. BLM
1222. Mescalero Apache 2212. State of Arizona
1223. San Carlos Apache 2213. State of New Mexico
1224. Navajo 2214. State of Utah
1225. Other tribes 2215. State of Colorado
2216. Mexico
123. States
1231. Arizona 222. Middle to upper elevation riparian
1232. New Mexico
1233. Utah 2221. Federal lands
1234. Colorado
22211. ES
124. Mexico 22212, BLM
22213. NPS
2. Active Management 22214. DOD
22215. Other Federal
21. Develop and/or implement forest agencies
health improvement and protection
programs. 2222. 'Tribes
211. Federal lands 22221. White Mountain
Apache
2111. ES 22222. Mescalero Apache
2112. BLM 22223. San Carlos Apache
2113. NPS 22224. Navajo
2114. DOD 22225. Other tribes
2115. Other Federal agencies
2223, Mexico

212. 'Tribal lands

2121. White Mountain Apache
2122. Mescalero Apache
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23. Develop and implement a long—term,
range wide management plan.

231. Establish and support a Federal/
Tribal/State/Mexican team to
develop the plan.

232. Develop a draft management plan.

233. Conduct peet/public review.

234. Produce final management plan.

235. Develop appropriate implementa-
tion documents.

2351. Joint Federal agency EIS
2352. White Mountain Apache
2353. Mescalero Apache

2354, San Carlos Apache
2355. Navajo

2356. Other tribes

2357. State MOUs

23571. Arizona
23572. New Mexico
23573. Utah

23574. Colorado

2358. Mexico
3. Monitoring

31. Implement the population monitoring
program detailed in Part II1.

311. Secure funding for the entire
monitoring period (up to 15
years).

312. Appoint a principle investigator.

313. Develop detailed study method-
ology/protocols.

314. Conduct Recovery Team/peer
review of program.

315. Conduct a pilot study.

316. Evaluate and revise methodology/
protocols.

317. Implement the monitoring
program.

32. Implement the habitat monitoring
program detailed in Part I11.

321. Macrohabitat
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3211.

3212.

3213.

3214.

3215.

3216.

3217.

3218.
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Acquire appropriate remote
sensing imagery.

Conduct necessary ground-
truthing, imagery classifica-
tion, geo-referencing, etc.
Acquire remote sensing
imagery at year 5.

Conduct necessary ground-
truthing, imager classifica-
tion, geo-referencing, etc.
Conduct change-detection
analysis.

Acquire remote sensing
imagery at year 10.
Conduct necessary ground-
truthing, imagery classifica-
tion, geo-referencing, etc.
Conduct change-detection
analysis.

322. Microhabitat (ongoing)

3221.

3222,

3223.

3224.

3225.

3226.

3227.

4, Research

Take pre-treatment mea-
surements of relevant
habitat variables.

Design treatment(s) to
accomplish spotted owl
habitat or other ecosystem
management goals.
Conduct treatment

Take post-treatment mea-
surements at year 1 of
important habitat variables.
Compare pre- and post-
treatment data to determine
whether objectives of
treatment were met.
Measure habitat variables at
year 5.

Determine whether treated
stands are on appropriate
trajectories.

41. Implement the research recommendations
outlined in Part III.

411. Conduct dispersal studies.
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412.

413.

414.
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4111. Examine connectivity of
subpopulations within and
between RUs.

Determine habitat configu-
rations that best facilitate
dispersal and enhance

4112.

survival rates of dispersing
juveniles.

Conduct studies on genetics.

4121. Determine whether and to
what degree subpopulations
are genetically isolated.

4122. Determine the extent and

patterns of gene flow across
the landscape.

Conduct habirat studies.

4131. Study the extent to which
habitat use is influenced
by prey availability,
microclimatic factors, or
presence of predators.
Determine which habitat
components influence

4132.

individual fitness and
population persistence.

Study the effects of land-use prac-
tices on spotted owls and/or spotted
owl habitat.

4141. Determine the effects of
various silvicultural and
timber—harvest practices on
spotted owl habitat.
Determine the effects of
livestock and wildlife
grazing on spotted owl
habitat and prey.
Determine the effects of

4142.

4143.
prescribed fire on spotted
owl habitat and prey.

4144. Determine the effects of

recreational activities on
spotted owl habitat.
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415.

410.
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Study the effects of human
disturbance on spotted owls.
4151. Determine the effects of
noise-producing activities
on nesting spotted owls.
4152. Determine the effects of
suburban and rural develop-
ment on habitats and

populations of spotted owls.

Study the effects of Recovery Plan
implementation on other ecosystem
components.

4161. Vertebrates and vertebrate
communities

4162. Invertebrates and
invertebrate communities
4163. Plants and plant
communities
4164. Abiotic features

(e.g. hydrological systems)
4165.

Ecosystem structure and
functioning

42. Conduct general inventories in areas that

have not previously been inventoried for
spotted owls.

421.

422.

423.

Federal lands

4211. FS

4212. BLM

4213. NPS

4214. DOD

4215. Other Federal agencies
Tribal lands

4221. White Mountain Apache
4222. Mescalero Apache
4223. San Carlos Apache
4224. Navajo

4225. Other tribes

State and private lands

4231. Arizona
4232. New Mexico



424.

4233. Utah
4234, Colorado

Mexico

43. Maintain a centralized Mexican spotted

owl information facility.

431.

432.

433.

Establish and maintain a Mexican
spotted owl GIS database.

4311. Establish and annually
update spotted owl location
records and inventory
coverages.

4312. Establish and periodically

update spotted owl habitat
coverages at varying spatial
scales.

Develop and periodically update a
spotted owl bibliography.

Distribute information to land
mangers and others who request it.

5. Oversight, Review, Evaluation,
and Revision

51. Oversee and monitor Recovery Plan
implementation.

511.
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Conduct section 7 consultation on
any Federal actions that may affect
Mexican spotted owls.

5111. Conduct a workshop
between Recovery Team and
FWS consultation biologists
on evaluation of projects

for Recovery Plan
compliance.

5112. Consult programmatically
on each agency’s incorpora-
tion of the Recovery Plan
into land management
policy and guidance
documents.

Review projects for compli-
ance with the Recovery

5113.
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512.

513.
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Plan.

Form Recovery Unit Working
Teams for each Recovery Unit.
5121. Appoint working Team
members

5122. Develop charter, protocols
for agreeing upon recom-
mendations to be made to
Recovery Team

(e.g., voting protocols).
5123. Conduct training session
with Recovery Team to
ensure understanding and
consistent interpretation of
the Recovery Plan.
Conduct Recovery Plan

implementation workshops

5124.

with biologists and other
land-management
personnel.
5125. Convene approximately
quarterly or as needed.

Working Team Leaders

attend all Recovery Team

5126.
meetings.

Retain Recovery Team throughout
the life of the Recovery Plan.

5131. Convene Recovery Team
semi—annually for a mini
mum of two years after
Recovery Plan adoption.

5132. Convene Recovery Team

annually thereafter.

52. Oversee Research

521.

522.

Recovery Unit Working Teams
should review and prioritize re-
search proposals and make recom-
mendations to the Recovery Team.
Recovery Unit Working Teams
should annually update the FWS
and the Recovery Team on planned
studies.



53. Review, evaluate, and revise recovery plan

as appropriate.

531.

532.

54.

Recovery Unit Working Teams
should review plan implementation
at least annually, reporting the
results to the FWS and the
Recovery Team.

Recovery Unit Working Teams
should review research and suggest
plan revisions, if any, to the FWS
and Recovery Team.

Recovery Unit Working Teams should

provide technical assistance when
requested.

541.

542.
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Provide land managers with techni-
cal assistance in designing projects
to minimize impacts on spotted
owls.

Provide technical assistance in
procuring funding and logistic
support for research projects.

136

543.

544.

545.
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Provide technical assistance in
developing spotted owl manage-
ment plans.

Provide technical assistance

in developing conservation
agreements.

Provide other technical assistance
as needed.

55. Conduct Mexican spotted owl status
reviews.

56. State and private lands.

561.

562.

Conduct assessment of Mexican
spotted owl status on State and
private lands.

Promulgate rule under 4(d) of the
Endangered Species Act to provide
for Mexican spotted owl conserva—
tion on State and private lands.
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D. IMPLEMENTATION AND
COST SCHEDULE

Thable 1VD.1 displays estimated costs and
an approximate schedule for implementing the
recovery tasks listed in the stepdown outline
provided in IV.C. More detailed informarion on
the recommended actions is provided in Part III.

The following material explains relevant details
about Table IV.D.1:

Task: This column lists specific tasks recom-
mended in Part I11. The format of this column is
similar to that used in the stepdown outline in
I11.C, with each task under one of five general
task categories (preceded by an Arabic numeral).
In some cases “subtasks” are included if the
Recovery Team wished to identify specific
intermediate actions to accomplish an ultimate
objective. Please refer to the stepdown outline in
I11.C for a more detailed description of each
task. Part III provides yet more detail, such as
suggested methodologies and rationales.

Task No.: This column lists the task numbers as
developed in the stepdown outline (IV.C).

P: This column assigns priority numbers as
follows:

1: Tasks that must be completed to achieve
the delisting criteria detailed in IILA.
(Example: Population monitoring); tasks
required by law (Example: Section 7
consultation); and other tasks essential to
Recovery Plan implementation (Example:
amendment of agency planning docu-
ments).

2: Tasks that should be done to help attain
the recovery objective. (Example: Restora-
tion of degraded riparian areas).

3: Tasks that should be done to implement
the Recovery Plan efficiently or to other-
wise enhance spotted owl management.
(Example: general spotted owl inventory).

Dur.: The approximate duration (in years) of
cach task. Items that are expected to take less
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than one year are assigned the number “1.”
Tasks that are ongoing are labeled “cont.” (con-
tinuous). Some tasks can be done to varying
degrees or intensities, particularly research
projects. In those cases, the duration is labeled

“tbd” (to be determined).

Resp. Party: Assigns lead responsibility of each
task to a specific party. This does not necessarily
mean that the indicated entity has sole responsi-
bility for completion of a specific task; the
Recovery Team recommends that agencies,
Tribes, and others work cooperatively on recov-
ery tasks whenever possible.

The following abbreviations are used:

AA = As appropriate’
Ac = Action agency
All = All involved?
AZ = State of Arizona
BLM = Bureau of Land Management
CO = State of Colorado
DOD = Department of Defense
FS = Forest Service
FWS= Fish and Wildlife Service
MA = Mescalero Apache
MEX = Mexico
NAV = Navajo
NM = State of New Mexico
NPS = National Park Service
PI = Principle Investigator
RT = Recovery Team
SCA = San Carlos Apache
tbd = to be determined
UT = State of Utah
WMA = White Mtn. Apache
WT = Working Team’
! Used in situations such as under “Other Federal
agencies.”
2 All parties involved in a cooperative effort, such as the
population monitoring program.
3 Used both for all Recovery Unit Working Teams
collectively, or for the appropriate WT for a Recovery
Unit.



Cost Estimates: The figures in this column
represent the estimated costs (x$1,000) of
carrying out the recommended tasks in each
fiscal year (FY) indicated. Estimated costs are
rounded to the nearest $1,000, i.e., a project
estimated at $200 will show “07; a project
estimated at $500 will show “1”, etc. Some of
the tasks assigned “NA” will be so labeled
because no additional cost attributable to Mexi-
can spotted owl recovery will be incurred. These
include activities that are either already part of
Jland management programs or those that can be
paid for through commercial receipts (e.g. forest
health enhancement/protection projects). No
cost estimates are given on tasks for Mexico
because the Recovery Team was unable to obtain
the information.
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Obviously, it is impossible to accurately
predict the costs of many tasks. For example, the
cost to carry out recommended research activi-
ties can vary widely depending on the study
design, the duration of the study, and other
factors. Similarly, the fiscal year(s) under which
the costs are placed may or may not be the fiscal
year in which the cost is actually incurred; again,
it is impossible predict when a project will be
undertaken. Finally, in cases such as pre-project
inventories, costs can only be estimated on a per-

unit basis (e.g., $1.25/acre).
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Table IV.D.1 Implementation and Cost Schedule

Cost Estimates (x $1,000)

Dur. Resp.
Task Task No. P (Yrs) Parry FY96 FY97 FY98 FY99 FY00 FYol FY02 FY03 FY04 FYO05

1. Resource Management Programs
Land Management Policy Amendment

Federal Agencies 1111 1 2 FS 5 0 0 0 0 0 0 0 0 0
1112 2 2 BLM 25 25 0 0 0 0 0 0 0 0
1113 2 2 NPS 25 25 0 0 0 0 0 0 0 0
1114 2 2 DOD 25 25 0 0 0 0 0 0 0 0

Tribes 1121 2 1 WMA 25 0 0 0 0 0 0 0 0 0
1122 2 1 MA 25 0 0 0 0 0 0 0 0 0
1123 2 1 SCA 25 0 0 0 0 0 0 0 0 0
1124 2 1  NAV 25 0 0 0 0 0 0 0 0 0
1125 3 1 AA thd tbd 0 0 0 0 0 0 0 0

States 1131 3 1 AZ thd tbd 0 0 0 0 0 0 0 0
1132 3 1 NM thd tbd 0 0 0 0 0 0 0 0
1133 3 1 uT thd tbd 0 0 0 0 0 0 0 0
1134 3 1 CcO thd tbd 0 0 0 0 0 0 0 0

Mexico 1141 1 1 FWS 5 0 0 0 0 0 0 0 0 0
1142 1 1 MEX

Pre-Project Inventories

Federal Agencies 1211 1 cont ES $1.25/acre >
1212 1 cont BLM “ O >
1213 1 cont NPS “ >
1214 1 cont. DOD « >

Tribes 1221 1 cont. WMA “ >- - S >
1222 1 cont. MA “ >-- >
1223 1 cont SCA “
1224 1 cont. NAV “ S PO >
1225 1  cont AA « So— >

States 1231 1 cont AZ « >- SO >
1232 1 cont NM “ > S S >
1233 1 cont. uT « >
1234 1  cont CcO S O — S O S >

Mexico 124 1 cont. MEX

l I f
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Table IV.D.1, continued

Cost Estimates (x $1,000)

Dur.  Resp.

Task Task No. P (Yrs) Party FY96 FY97 FY98 FY99 FY0O0 FYol FY02 FY03 FY04 FYO05
2. Active Management
Forest Health

Federal Agencies 2111 1 cont. ES 0 0 0 0 0 0 0 0 0 0
2112 3 cont. BLM 0 0 0 0 0 0 0 0 0 0
2113 3  cont. NPS 0 0 0 0 0 0 0 0 0 0
2114 2 cont. DOD 0 0 0 0 0 0 0 0 0 0
2115 3 cont AA 0 0 0 0 0 0 0 0 0 0
Tribes 2121 2  cont. WMA 0 0 0 0 0 0 0 0 0 0
2122 2 cont MA 0 0 0 0 0 0 0 0 0 0
2123 2 cont. SCA 0 0 0 0 0 0 0 0 0 0
2124 2 cont. NAV 0 0 0 0 0 0 0 0 0 0
2125 3  cont AA 0 0 0 0 0 0 0 0 0 0
States 2131 3  cont AZ 0 0 0 0 0 0 0 0 0 0
2132 3  cont NM 0 0 0 0 0 0 0 0 0 0
2133 3  cont. uT 0 0 0 0 0 0 0 0 0 0
2134 3  cont CcO 0 0 0 0 0 0 0 0 0 0

Mexico 214 1 cont. MEX

Riparian Management

Lowland Areas 2211 2 cont. BLM 0 0 0 0 0 0 0 0 0 0
2212 2 cont. AZ thd e e >
2213 2 cont NM “ > ->- >
2214 2 cont. uT “ > - > > >
2215 2  cont. CO Y D - >

2216 2  cont. MEX

Mid- and Upland Areas

Federal Lands 22211 1 cont ES 0 0 0 0 0 0 0 0 0 0
22212 3  cont. BLM 0 0 0 0 0 0 0 0 0 0
22213 3  cont. NPS 0 0 0 0 0 0 0 0 0 0
22214 3 cont. DOD 0 0 0 0 0 0 0 0 0 0
22215 3  cont AA 0 0 0 0 0 0 0 0 0 0
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Table IV.D.1, continued

Cost Estimates (x $1,000)

Dur.  Resp.
Task Task No. P (Yrs) Party FY96 FY97 FY98 FY99 FY0O FYO1 FY02 FY03 FY04 FY05
Mid- and Upland Areas (continued)
Tribes 22221 2  cont. WMA 0 0 0 0 0 0 0 0 0 0
22222 2 cont MA 0 0 0 0 0 0 0 0 0 0
22223 2 cont. SCA 0 0 0 0 0 0 0 0 0 0
22224 2  cont. NAV 0 0 0 0 0 0 0 0 0 0
22225 3  cont AA 0 0 0 0 0 0 0 0 0 0
Mexico 2223 1 cont. MEX
Long-term Management Plan
Appoint Team 231 1 1 FWS 0 0 0 0 0 0 1 0 0 0
Develop Draft Plan 232 1 2 FWS 